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INTRODUCTION 


Since long scientists have been engaged in investigating the pos- 
sibilities to maintain viable tissues outside the original milieu. It would 
be of great importance, especially in cancer research, to find a suitable 
culture medium taking into consideration the characteristics of the tis- 
sue. Moreover, the cultivation of the tissue outside the original host 
yields the advantage that various functions of the transplanted tissu2 can 
be observed under better controlled circumstances. 

Unfortunately, the transplantation of tissues from one specimen to 
another seems to be very difficult. Different culture methods have been 
used, the most important of which are, from one point of view, the 
in vitro method and, from another, the transplantation methods with 
different animals. The most important among the latter are the so-called 
cheek pouch method in hamsters used by different workers, the 
anterior chamber method proposed by Greene (31), preventive treat- 
ment of animals by X-rays and cortisone before transplantation intro- 
duced by Toolan (100), and the method of cultivating the tissue in the 
embryonated chicken eggs reported by Rous and Murphy (76). 
This method, still applicable and of current interest, will be discussed 
in more detail in the present study. 

In 1911, Rous and Murphy (76) reported that after injection of 
the suspension prepared from a Rous chicken sarcoma into the chick 
embryo, a tumor formation, entirely corresponding to the original tumor 
tissue, could be established, especially on the chorio-allantoic membrane 
(CAM) of the chicken egg. A year later, Mur ph y (57) found that hete- 
rologous tissue, such as rat and mouse tumors, also grew well on the CAM. 
These findings brought new possibilities in the field of homo- and hetero- 
transplantation. In the rapidly growing membranes of a chicken embryo 
there were growth-promoting factors for other tissues, too. In addition, 
the fact that the chick embryo was hardly able to mobilize specific 
reactions to foreign tissue (78, 30, 71, 80-84) made the embryonated 
chicken egg suitable for transplantation experiments. 
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Attempts have also been made to use the chicken egg for the cultiva- 
tion of human tissues, but no systematic comparisons of the growth 
of normal and malignant human tissue in the egg have been performed, 
In the present study, an attempt has been made to elucidate these 
problems and suggest further explanations concerning the possibilities 
to use embryonated chicken eggs in transplantation studies in general, 
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SURVEY OF THE LITERATURE 


In virology, the use of embryonated chicken eggs has gained a central 
position among different culture methods. The embryologists have like- 
wise made much use of the embryonated chicken egg and specially of the 
chorio-allantoic membrane in their studies, because embryonic tissues of 
different animals, such as those of hen, mouse and rat, have been found 
to grow and develop rather well on this membrane. On the contrary, 
attempts to cultivate adult normal human and animal tissues have been 
relatively rare and most of them have been undertaken as minor addi- 
tional or completing studies. 

The embryonated chicken egg offers extremely good living conditions 
for avian tumors, though mouse and rat tumors also grow well in it. The 
tumor tissue has been transplanted to the chicken egg either directly 
on the CAM or intraembryonically, intravenously and in the yolk, 
amniotic and allantoic sacs. With the aid of these methods, successful 
transplantation through several passages has been possible. Similar 
statement cannot, unfortunately, be given concerning experiments 
with human tumors. In spite of attempts with various methods, the 
embryonated chicken egg has not fulfilled the great expectations as 
culture medium. However, experiments on this field are scanty, and 
larger materia] is needed before final evaluation can be made on the 
application of the embryonated chicken egg for the transplantation 
of human tissue. 


Chorio-Allantoic Membrane (CAM) Method 


In egg cultures the CAM method is mostly used. It has been developed 
through the following phases. The original purpose of Rous and 
Murphy (76) was to transplant the tissue to the embryo itself. Em- 
bryonated hen eggs 7-8 days old were used. A rectangular piece was cut 
out from the shell, the shell membrane was turned away with sterile for- 
ceps, and the embryo with its membranes became visible. Tumor mass 
was injected through the CAM into the embryo. The piece of shell was 
replaced with the aid of paraffin. Ten days later the egg was opened for 
the study of the tumor tissue. However, Rous and Murphy (76) 
already reported at the end of their first paper that the results were 
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mainly taken from tumors growing on the CAM. During the injection, 
part of the tissue fastened on the CAM and started to grow in it. The 
tumor tissue growing on the CAM was found and studied much more 
easily than that growing in the embryo. Their next paper (63) gives the 
impression that they injected a part of the tumor tissue onto the CAM 
on purpose, and in later experiments only this membrane was used 
(57—62). Burnet (6) developed this method further into the so-called 
false air sac’”’ technique, in which, before breaking the egg membrane, a 
hole is drilled through the shell into the air space, and the CAM is 
dropped loose from the shell membrane. Thereby placing the inoculum 
on the membrane becomes much easier. The ’’false air sac’’ technique 
has been accepted into general use. 

Several papers deal with the structure of the CAM (22, 24, 37, 11, 16, 
73). From the fifth day on, the fusion of allantoic membrane and chorion 
begins, and after 10—12 days the CAM is complete. Danchakoff 
(11) found that the blood capillaries penetrated the ectodermal layer of the 
CAM on the 8th day; by the 13th to the 15th day they had extended on 
the membrane as a large capillary network. At that time a piece placed 
upon the membrane is under good nutritional conditions. It is mainly 
on the basis of these findings that transplantation has generally been 
performed on the 8th—9th days. There has been a general effort to use 
fairly young membranes in order to lengthen the short growth period of 
the tissue on the CAM. Minoura (56), when transplanting the 
homologous sexual gland tissue to the CAM, used eggs 2—16 days old, 
but found that grafts transplanted to eggs 8—11 days old produced the 
greatest changes in the embryos. He was of the opinion that the blood 
circulation of the membranes younger than 5 days was too undeveloped, 
and that in the embryos older than 2 weeks possibly a resistance to foreign 
tissues has been developed and that such embryos are thereby enabled 
to destroy the grafts. It has been proved in virology that different 
viruses need membranes of certain age for the best possible growth results 
(3, 89). In Rous sarcoma experiments Oker-Blom and Strand- 
strom (69) showed that the most rapid growth occurred on the mem- 
branes aged 11 days. The final size of the tumor was the same whether 
transplanted onto the young or onto the old CAM. The long incubation 
in poorer environments was apparently compensated by better condi- 
tions during the short incubation time. 

In addition to good nutritional conditions, there is another impor- 
tant factor favoring the growth of the inocula on the membrane; the 
chicken embryo has no general defense mechanism against foreign tis- 
sues, which fully developed animals have (78, 30, 71). 


] 
to a 
evel 
ally 
site 
tion 
mes 
rha 
anc 
son 
log 
(21 
(7 
an 
dit 
K 
pr 
sh 
ne 
ne 
C. 
Pp 
t] 
t 
a 
t 
] 
( 
| 


11 


It has been shown that the CAM with its fine structure easily responds 
to all kinds of stimuli. These reactions have been observed by almost 
every worker studying the CAM transplantation method. Macroscopic- 
ally, flesh-colored thickenings and edematic areas appear around the 
site of transplantation. In microscopical examinations, 7. a., prolifera- 
tion in the ectoderm and endoderm, edema, and stratification in the 
mesoderm as well as so-called epithelial pearls have been found. Hemor- 
thages and cytoplastic inclusions have been established to be due to viruses 
and viral tumors (3, 50), but similar changes have also been produced by 
some nonspecific substances, such as horse serum (9), broth and physio- 
logic saline solution (90), as well as by strong evaporation (25), cooling 
(21) or reactions occurring in the intact membrane with age (16). 


Tissue Transplanted to the CAM 


Homologous Embryonic Tissue. — Soon after Rous and Murphy 
(76) embryologists began to transplant the embryonic tissue to the CAM, 
and almost every tissue of the hen at the embryonic stage has been stu- 
died. Only few of these studies will be mentioned in this connection. 
Kiyono and Sueyasu (52) and Dantschakoff (14) were 
probably the first to conduct large experiments in this field. The former 
showed that tissues with simple functions, e. g., cartilage, skin and con- 
nective tissue grew more readily than those of complex functions (kid- 
ney, liver). 

Dantschakoff (14) inoculated several embryonic tissues on the 
CAM. Her most important studies concerned, however, erythropoietic 
problems (12, 13). Thus she, in a way, carried on experiments on the 
lines of Mur ph y (57—62). The largest studies on embryonic tissues on 


the CAM were performed by Willier (103—107), who paid attention 


to the development of transplanted embryonic glands on the membrane 
and to their influence upon the growing embryo. Murray (64) trans- 
planted lateral grafts from the region forming the posterior limb and 
showed that, 7. a., skin tissues grew well. This paper supports for its part 
the studies of other scientists (38, 52). 

Embryonic tissue has also been transplanted on the CAM for other 
purposes. Sandstr6m and co-workers (80—84) performed a series 
of experiments transplanting the kidney tissues of hens and ducks of 
various ages and cartilage of ducks to elucidate the problems of tissue 
specificity reactions on the CAM. Hancox (33) studied bone for- 
mation by transplanting pieces of the frontal bone of the chicken 


embryo to the CAM. 
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A good and pithy review on the embryologic studies was given by 
Rawles (72) in 1952. 

Heterologous Embryonic Tissue. — Mur phy (57) already transplan- 
ted successfully embryonic tissue of the rat to the CAM without describing 
in details the growth of tissue on it. In 1927, Hiraiwa (36) trans- 
planted anterior, middle and posterior thirds of rat embryos aged 11 
days on the CAM 8—9 days old. He found that the epidermis, cartilage 
and bone tissue grew and differentiated best. *’The epidermis, hair 
follicles, cartilages and bone differentiated to a degree comparable with 
that of normal rat embryos of corresponding age, nasal sacs and mesone- 
phros showed considerable differentiation, nervous and endodermal 
structures exhibited practically no capacity for independent differen- 
tiation.”” In his opinion, this could possibly be explained by the fact 
that the tissue with lower metabolic functions was better fit for the new 
environment than the tissue with active cell functions. Nicholas 
and Rudnick (65) performed later a larger experiment testing 
“the proliferation and differentiation capacity of various embryonic 
rat tissues in a closely graded series of stages ranging from six to eleven 
days transplanted to the CAM.” They found that the tissues on the 
CAM maximally reached the same size as the controls, though the 
majority remained smaller. 

W aterman (102) compared the behavior of embryonic rabbit and 
rat tissues in the kidneys of the adult rat, in the kidneys and omental 
bursa of the'rabbit and on the CAM. He found that the differentiation 
and growth of the tissues was poor and abnormal in all laboratory 
animals. None of the tissues grew longer than 6—8 days, and cartilage 
and bone tissues were the most vigorous. In his opinion, ’’the chorio- 
allantois grafts showed an intermediate condition between homoiotrans- 
plants on the one hand and heterotransplants on the other’’. 

As regards experiments on the human embryonic tissue, D an- 
tschakoff and Gagarin (15) transplanted human embryonic 
hearts aged 3—5 weeks to the CAM. The heart lived well and even beat 
during the 10 days it lay on the membrane. Accordingly, the heart 
was capable to utilize the nutriment offered by the chick embryo. 

Human chorionic and amniotic membranes were also transplanted on 
the CAM chiefly for virus research (28). As these membranes are very 
thin they can utilize the nutriment through the plasmatic metabolism 
so that the transfer to a foreign environment produced no major distur- 
bances. They readily adhered to the CAM and lived well on it. 

Homologous Adult Tissue. — Little is known about the behavior of the 
normal adult tissue on the CAM. Oak 1e y (66) compared the behavior 
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of the liver tissue of hen, duck and rat embryos with the corresponding 
tissue of the adult hen and showed that adult hen liver did not 
generally survive well on the CAM. Sandstrém (80—82) reported 
that the kidney tissue of the adult hen was unable to rebuild its excreting 
mechanism on the CAM. 

Heterologous Adult Tissue. — Heterologous tissue has been transplan- 
ted on the membrane by several workers. Schwartz (87) transplanted 
intact and macerated kidney tissue of the rat, aged from 15 days to adult. 
The still undeveloped kidney tissue aged 15 days grew and differentiated 
on the membrane, but the older tissue necrosed in direct correlation with 
increasing age of the tissue. Fully developed tissue formed, however, an 
exception being able to persist ’’because of its high degree of physical 
differentiation and organization’. In his opinion, the probable causes 
of necrosis were as follows: 

1) Poor formation of blood vessels during the incorporation period. 

2) The accumulation of small round cells around the transplant 
whereby they formed mechanical hindrances to the development of the 
transplant. 

3) Probably the lack of normal function, 7. e., the kidney tissue could 
not live longer on the membrane because it did not receive the specific 
stimulus (uric acid) for its normal function. 

All transplants began to die after the CAM had reached the age of 20 
days. This was explained by Schwartz (87) and also by some others 
(99) as due to the fact that the CAM dried up at the time of hatching. 

Being aware of the successful cultivation of the heterologous tissue, 
Goodpasture, Douglas and Anderson (26) transplanted 
human skin to the CAM in form of Thiersch-grafts in 1938. They found 
that the skin lived on the membrane fairly well and reported, among 
other things, the following results. ’’In successful experiments the 
epithelium of the chorio-allantois fuses with that of the graft, the collagen 
fibers of the corium interlace with those of the membrane after the se- 
paration or disappearance of the ectodermal layer, and the blood vessels 
of the chick anastomose, and unite by intervening pools of extravasated 
blood, with those of the graft. This vascular communication between 
the two tissues is largely responsible for the nourishment of the graft 
by affording a plasmatic circulation. Gradually there is a partial revascu- 
larization of the graft by an ingrowth of blood vessels from the chick 
membrane.” ... ” Occasionally regrafts upon a second egg have suc- 
ceeded and thus prolonged the vitality of the graft to 14 days.” 

The same research group (27— 29), as wellas Blank, Coriell and 
Scott (4), later used skin on the CAM for virological studies. The 


ne- 
en- 
Cw 
aS 
= 
he 
ne 
n 
e 
| 
, 


14 


human conjunctiva has also been cultivated on the CAM (44, 23, 51, 88), 
It showed good viability and in some cases it could be transplanted even 
through five passages. Thus it afforded good material for viral studies 
and in this way the alterations caused by trachoma viruses could be 
followed in the human conjunctiva. 

Rubovits and Abrams (77) transplanted human ovarian and 
endometrial tissue to the CAM. Both grew fairly well and on the 4th— 
5th day after the transplantation the blood vessels penetrated into the 
grafts. The less specified tissue showed greater viability on the CAM 
than the fully specialized one. According to them, transplantation to the 
next passages ought to take place on the 4th—5th day of growth, before 
the capillary network has developed between the host and the graft. No 
mention of attempts at passaging can, however, be found in their paper. 

Avian Tumors. — A long period of time elapsed after the preliminary 
works by Rous and Mur phy (76, 57--62) before any attention was 
paid to avian tumor grafts with the CAM method. In 1939, Rothbard 
and Herman (75) made an attempt to transplant avian tumor pro- 
duced by benzpyrenes to the CAM, but they did not succeed in it. Since 
1940, Duran-Reynals and co-workers (17—20, 55) have studied 
the behavior of avian tumors in birds at different stages of development 
and also transplanted these tissues to the CAM in this connection. In 
1942, Pierce (70) transplanted suspension taken, 7. a., from birds suffer- 
ing avian leukemia to the CAM. The suspension contained spleen cells, 
leukocytes and plasma and produced leukemic changes in the embryos. 
Six years later, Karnofsky and co-workers (45) reported on the trans- 
plantation of several tissues, e.g., avian tumors to the CAM. In the 
same year Camp bel! (7—8) transplanted both spontaneously growing 
and chemically induced avian and mammalian tumors to the CAM, but 
high infection and mortality rates were disadvantages in his work. In 
his opinion "slow growing tumour usually gives disappointingly small 
growths whilst normal adult tissues fail to grow and be absorbed”’. 
Lastly, Oke r-B1om (67) transplanted different avian tumors to the 

chick embryo by using various methods. His experiments confirmed the 
earlier concepts that the CAM is a good culture medium for avian 
tumors. 
Mammalian Tumors. — Jensen rat sarcoma was obviously the first 
heterologous tissue transplanted to the CAM by Mur phy in 1912 (57). 
It grew on the membrane at least through 4 passages retaining its typical 
characteristics, though the tissue was looser forming a loose network 
here and there. Mitoses occurred more frequently in the tumors grow- 
ing on the membrane than in the originals. In connection with these 
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tissues, other tumors were also transplanted successfully to the CAM, 
e.g., Ehrlich mouse sarcoma and mouse chondroma, mammary car- 
cinoma of mouse and Flexner Jobling adenocarcinoma of rat. 

Stevenson (92—94) enlarged the field of these studies trans- 
planting several mouse and rat tumors to the CAM. All tumors showed 
great vitality and several passages could be made. Macroscopically they 
were of the,same size as the tumors proliferating in mice and rats for a 
similar period. Microscopically there was marked proliferation. The tumor 
cells inwandered from the transplant to the mesoderm of the membrane, 
the sarcoma cells one by one, the carcinoma cells in groups. The former 
seemed to be somewhat larger in the membrane than in the host animal, 
which according to Stevenson (92) was due to the lower pressure 
in the new environment. Mitoses occurred in abundance. As a rule, the 
characteristic features of the tumors remained on the membrane and no 
changes as to the rapidity of growth took place. On the contrary to 
Murphy (57—62), he found that the transplantation of adult hen 
spleen and bone marrow simultaneously with the tumor tissue produced 
no hindrances to the tumor growth. 

The CAM has proved to be a suitable culture medium for the Walker 
rat tumor 256, the rat sarcoma 1239 and the Brown-Pearce rabbit carci- 
noma (86). The histologic features of the two latter on the membrane 
were similar to those in the original host. The Walker rat tumor 256 
formed an exception, probably due to the fact that the tumor on the 
(AM reshaped its original carcinoma structure. Schechtman, 
Cohenand Berko wit z (85) also transplanted Brown-Pearce rabbit 
carcinoma to the CAM. Growth was successful in 50 per cent of the 
cases and the tumor could be transplanted through 8 passages. No increase 
or decrease occurred in the number of successful transplants through the 
passages. When several tumor sections were transplanted to the CAM 
simultaneously, the take percentage increased up to 75.2. Mostly the 
original implantation tissue resulted in necrosis, and fresh tumor cell 
accumulations developed in the mesoderm of the CAM. In these groups 
necrosis of the centrum was not found to be similar to that in tumors 
transplanted to rabbits. 

Jacoby, Mc Donaldand Woodhouse (43) made efforts to 
transplant a mouse sarcoma induced by dibenzanthracene to the CAM 
and thus form better controlled growth conditions, but the results were 
poor. In spite of occasional slight growth, the number of successful trans- 
plants and the size of the graft did not fulfill the expectations. This 
work confirms the statement of other writers (75, 7) that chemically 
induced tumors are mostly unable to grow on the CAM. 
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In recent years, K arnofsk y and co-workers (45—47) have been 
studying the growth of different tumors in embryonated chicken eggs. 
They transplanted 27 different mouse tumors to the CAM and showed that 
each one of them maintained its characteristic histologic features. Many 
tumors were transplanted at least through 3 passages, some even oftener, 
€.g., & mouse sarcoma 180, which survived on the CAM for a year. As 
to the growth capacity, these were grouped into six classes on the basis 
of their growth in the host and the CAM. 

Human Tumors. — Murphy (57) made an attempt to transplant 
human sarcoma, but it did not grow so well as mouse and rat tumors. 
He assigned this to the fact that it took some time before the tissue 
could be transplanted from a human being to the CAM. Steven- 
son (94) also transplanted 9 different human tumors and tumor metas- 
tases to the CAM of 350 eggs. They were 5 mammary carcinomas, | 
mammary carcinoma metastasis, 1 squamous cell carcinoma of the leg, 
1 carcinoma of testicles and 1 chorio epithelioma of the uterus. He 
hardly established any growth. ’’There is little hope of being able to 
maintain a tumor of slow growth indefinitely to the chick. Consequently 
the cultivation of human tumors in the chick embryo for more than a 
short period of time does not seem likely to be realized.” In St ev en- 
son’s (94) opinion, tumors of rapid growth were more successful on the 

membrane than those growing slowly, but the former showed signs of 
exhaustion earlier, because the tumors were incapable to utilize the 
foreign proteids of the chick embryo. 

Hurst and his associates (41) agreed with Stevenson (94), as 
their results from human tumors were not corresponding to those obtained 
from animal tumors by earlier workers. In most cases, malignant cells 
were less viable than the normal connective and fat tissue around them. 
They attempted to transplant 6 carcinomas of breast, 5 secondary from 
carcinoma of stomach, 1 secondary from carcinoma of lip, 1 secondary 
melanoma of liver, 1 meningioma and some benign tumors of man and 
rabbit as well as normal adult tissue to the CAM of 467 hen and duck 
eggs. The duck eggs were used because of their 5 weeks’ hatching time, 
and the tissue could thus remain on the membrane longer. However, 

the experiments with the latter did not fulfil the expectations because 
of the high mortality of the eggs. This was explained as due to the 
fact that incubation conditions were not good enough for duck eggs. 

Sommers, Sullivan and Warren (91) transplanted 59 
human carcinomas on the CAM of 375 eggs and divided the results into 
positive, questionable and negative cases. By positive results they 
meant persistence or growth. In questionable cases some possibly living 
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cells could be identified, while in negative cases no living tumor cells 
were found. A hundred and forty-nine eggs lived until the checking time 
of the tumors. Of them 36 were positive, 26 questionable and the rest 
negative. Degenerative changes were in the foreground and mitoses 
were seldom met. The transplantation of sarcoma tissues succeeded 
best, as out of the 47 eggs used 13 grafts were positive and 6 question- 
able. In total, 146 transplants were performed from adenocarcinoma 
and carcinoma simplex tissues. Thirty-two of them succeeded, while 
33 were considered questionable. Epidermoid carcinoma was found in 15 
of the 99 eggs used, besides 3 doubtful cases. Thus the successful trans- 
plant yield was about one-quarter of the eggs with sarcomas, one-fifth 
with glandular carcinomas and about one-seventh with epidermoid 
carcinomas. Sommers aad co-workers (91) were of the opinion that 
equally good results were obtained by the CAM method as by the other 
cultivation methods used in their laboratory. 

Karnofsky and his research group (47) had the largest material 
in this field. In a paper on the transplantation of tumors to the chick 
embryo in general they reported to have transplanted, 7. a., 71 human 
tumors to the CAM during 3 years. The tumors were as follows: 21 
cases of lymphogranulomatosis maligna tissue, 28 lymphosarcomas 
and lymphatic leukemias, and 22 miscellaneous tumors including 5 
pulmonary carcinomas, 4 mammary carcinomas and 2 melanomas. 
As a rule, the tumors showed poor viability and mitoses were estab- 
lished in only few cases. Attempts at transplantation to other eggs 
were unsuccessful. They did not find, either, that human tissue would 
cause major changes in the embryo apart from lymphogranulomatosis 
maligna tissue which produced general edema in 60 per cent of the 
embryos. Edema was most remarkable at the 3rd day and disappeared 
generally at the 10th day. Only a small part of the embryos died of 
edema, but those survived were later of smaller size than the control 
animals. The active substance causing edema survived in the refrigera- 
tor for 2 months. Edema was thought to be induced by a chemical 
agent present at some part of tissue in lymphogranulomatosis maligna. 
Lymphogranulomatosis tissue proper and lymphosarcoma and leukemia 
tissues did not grow on the CAM. On the other hand, Pierce 
(70) reported on the successful though short-time cultivation of leuko- 
cytes of leukemic blood on the membrane, while normal white blood cells 
did not survive on it. Leukocytes of leukemic blood were also met with 
in the liver and perivascular tissue of the embryo, but they all were 
degenerated. No changes in the embryos were found, not even after 
hatching. 
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During recent years, two investigations have been published differ- 
ing from the earlier through their better results. In 1952, Kaufman 
and co-workers (48) reported in a short abstract on the cultivation of 26 
human tumors on the CAM. Out of these, 6 tumors were only transplan- 
ted through one passage and they lived well for 11 days. Out of the 20 
other tumors, which principally were grafted with the intention of 
prolonging, survival by serial transplants, 15 were maintained during the 
primary explantation. Of these, 5 survived one retransplantation (the 
second passage) and 2 survived two retransplantations (the third 
passage). 

In 1956, in a more detailed description (49), they reported that the 
first-mentioned 6 tumors were 4 thyroid carcinomas, one adenocarcinoma 
of the breast and one squamous cell carcinoma of the lung. All explants 
survived the incubation period and a great number of cells in each explant 
appeared healthy. In addition, some normal thyroid tissue was grafted 
with one of the tumors and it was also in a state of good preservation. 

Seven of the 20 tumors were sarcomas. These sarcomas were im- 
planted upon 137 eggs which lived. The tumors survived on 77 of these 
eggs. Six of the seven strains of sarcoma lived. These six were trans- 
planted to 40 eggs and grew on 13. Three of the six strains survived the 
second transplant. These, in turn, were transplanted to 10 eggs and one 
of the three sarcomas remained viable. This tumor survived for a total 
of 27 days, but after the third graft showed extensive degeneration. 

Two astrocytomas and one glioblastoma survived the primary trans- 
plant. These were planted on 42 eggs and 24 showed tumor. One astro- 
cytoma survived a second and third transfer. This particular tumor was 
planted on 6 eggs for the second transfer and all showed tumor. The 
third transfer was to 2 eggs which survived and both showed tumor. 
Thus, one astrocytoma survived 3 transfers for a total of 22 days. 

Three of the four breast carcinomas survived the first transfer, 
although all subsequent transplanting failed. Twenty-three of 70 eggs 
which were planted and which lived contained tumor. However, for one 
of the tumors, 15 eggs were planted and all 15 showed tumor at the end 
of a 5-day period. . 

One thyroid carcinoma survived the initial transplant. Of 26 eggs 


which were planted, 15 showed tumor but none of the explants survived | 


the second transfer. 
One neurilemoma was planted on 4 eggs that lived. Two eggs showed 
tumor. These two fragments were cut up and regrafted on 4 eggs, 2 of 
, Which again showed tumor. This represented a survival of 15 days. 
One of two melanocarcinomas survived the first graft. This one was 
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planted on 12 eggs, 6 of. which contained tumor but none survived the 
second graft. The other’ was planted on 25 eggs and none of the frag- 
ments survived. 

One renal cell carcinoma was planted on 4 eggs but no positive takes 
were obtained.” 

In another study, published in 1954, Dag g, Karnofsky, Too- 
lan and Roddy (10) used 3 types of tumors as transplantation 
material, which were produced by injecting suspended tumor mince of 
3 human carcinomas into rats and hamsters treated by cortisone and 
X-rays and maintained in them for several months (100). The sarcoma 
type HSI grew on the CAM well through 8 passages and retained its 
histologic appearance. The tumor could also be cultivated in the yolk 
sac. The epithelial carcinoma type HEp3 was transplanted. through 6 
passages. After the third membranous passage it was also cultivated in 
the yolk sac. The tumor maintained its characteristic features on the 
CAM and metastased into the liver and kidneys. The third tumor tissue 
was an embryonic muscle sarcoma type, which was cultivated on the 
CAM through 3 passages. In the rat the tumor was formed from small 
dark staining cells, which could also be seen well preserved on the CAM. 
Two of the former tumor tissues were retransplanted to rats and they 
grew further without differing from the original, in the rat grown tumor 
in any way. In a previous work, Karnofsky and his co-workers 
(45) found that nitrogen mustard HN2 had certain chemotherapeutic 
effects on the mouse sarcoma 180, and it was therefore injected into the 
yolk sac of the eggs in which HEp3 and HSI tumor tissues grew. The 
macroscopic size of the tumors was smaller, irregularity in cell nuclei and 
marked decrease in cellularity was observed, but the influence of HN2 
was markedly smaller than in the sarcoma 180. 

In this laboratory, human tissues have also been cultivated as a 
preliminary experiment (68). Tissue of the following 39 human tumors 
was transplanted: 4 naevi, 2 melanomas, 1 spinocellular carcinoma and 
2 basocellular carcinomas of the skin, 4 spinocellular carcinomas of the 
lip, 1 spinocellular carcinoma of the penis, 3 carcinomas of the stomach, 
1 carcinoma of the uterus, 1 carcinoma of the lung, | fibrosarcoma, 1 
sarcoma of the leg, and 3 laryngeal papillomas. 

In addition, normal human skin, placental tissue and skin of the chick 
embryo were cultivated. Of the heterologous tissues, naevus tissue and 
normal skin grew best. In some cases, spinocellular carcinoma could be 
transplanted to the second passage. As a rule, the growth of the tissues 
was poor, but larger series were needed before final criticism could be given 
on the suitability of the CAM for a culture medium of the human tissue. 
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Yolk Sae Method 


Especially, T a y 1 o r and his group (95— 98) made use of this method. 
They obtained the best results in cultivating DBA and CH3 mouse 
tumors. They also succeeded in cultivating several other mouse and rat 
tumors in the yolk sac, and according to them, one of the advantages of 
this method was that the tumors grew freely in the yolk sac cavity not 


being under the mechanical pressure of membranes. Later this technique } 


has also been used in other laboratories (34, 35, 101, 1), but it has not 
become general. H.g., according to Heilman and Bittner (35) 
the method is not suitable for routine use because of the high mortality 
of eggs (72 per cent) and the small number of takes. In spite of several 
efforts (95, 34, 101) the cultivation of human tumors in the yolk sac has 
been unsuccessful. 


Amniotic and Allantoic Sac Methods 


Thiersch (99) using the method described by Burnet (6) in- 
jected leukemic tissue of man and mouse into the amniotic cavity of the 
chick embryo and showed by convincing material that no leukemia 
developed in chick embryos or in hatched chickens. In addition, dif- 
ferent animal tissues (53) have been cultivated in the amniotic and 
allantoic cavities, though these methods have not come into general use 
for transplantation purposes. 


Intravenous Cultivation Method 


Thiersch (99) used this method by injecting blood of human 
leukemia into the umbilical vein of the chick embryo and found in 5 


cases out of 12 that 6 months after hatching the chickens showed signs © 


of ’big bone disease’, which, according to him, referred to a leukemic 
reaction. Bender, Friedgood and Lee (2) succeeded in cul- 


tivating the CH57 mouse sarcoma in the liver and kidneys of the chick | 


embryo by injecting this tissue into the allantoic vein. They also injected 
human tumor suspension intravenously, and of 9 tumors used 4, viz., 
2 neuroblastomas, 1 hemangioblastoma and 1 cerebral metastasis of 
pulmonary carcinoma, were found in the liver of the embryos. Poor 
growth as well as the small number of takes was in their opinion due to 
the elapse of time before the tumor tissue could be moved from man 
to the egg. Murphy (57) had earlier come to the same conclusion 
with his CAM cultivations. The intravenous cultivation method has been 
used relatively little, probably because of the difficult technique. The 
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mortality of embryos is also high, according to B e n d e r and co-workers 
(2) 50 per cent. The table compiled by Thiersch (99) gives the 
impression that his results were not better in this respect. Even this sets 
certain limitations to the use of the method. 


Intraembryonic Cultivation Method 


By transplanting tissue to the embryo itself it has been possible to 
cultivate both embryologic, adult normal and tumor tissues in the chick 
embryo (32, 72, 53). Especially when inoculating whole limb buds the 
method has its advantages. In addition, tissue can be cultivated in the 
same individual for longer periods by allowing the embryo to hatch. The 
method has, however, its disadvantages. H. g., it is difficult to find the 
transplanted tissue, and thus the method can be used only for the tissues 
growing relatively well. The method is so far rather young and is not 


specially favored. 
Summary 


Several tissues have been successfully cultivated in the embryonated 
chicken egg by using different methods. The CAM technique seems 
to be the best, at least in major experiments. In spite of its fairly 
common use, there seem to be no more detailed investigations on the 
significance of the age of the CAM for the growth of mammalian tissue. 
On the contrary, several papers mention the reactions of the membrane 
to different stimuli. The evaluation of these reactions must be performed 
very carefully. 

Of homologous embryonic tissues, at least simple tissues of ectodermal 
origin, such as skin, have grown well and the similar fact has been estab- 
lished in cultivating certain heterologous normal tissue. Of tumor tis- 
sues, especially fowl, rat and mouse tumors have grown well in the egg, 
and it has even been possible to divide some of them into groups on the 
basis of their viability. Human tumors, on the other hand, have shown 
poorer growth. So far, these studies have been rather rare and the results 
somewhat contradictory. As a rule, numerous different malignant tumors 
have been cultivated, but comparative studies between the normal and 
malignant forms of the same tissue have not been performed. 
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PRESENT INVESTIGATION 
Plan for the Study 


As pointed out in the survey of the literature, the cultivation of 
different normal and malignant animal tissues on the CAM has been 
successful. The cultivation experiments with human tissue have, on the 
contrary, yielded poorer results. However, human skin tissue has been 
cultivated on the membrane relatively seldom and it might be possible 
that the cultivation experiments with a large material could bring with 
a tissue specimen, a tumor tissue especially, the growth characteristics 
and capacity of which would be so suitable for this purpose that it 
could continually be cultivated on the membrane. This has been a 
stimulating thought when undertaking the present study. 

As far as is known, systematic comparisons on the living functions 
of normal and malignant forms of the same tissue on the CAM have not 
been carried out previously. The main purpose of the present study was 
therefore to transplant normal and malignant human skin tissue to the 
CAM of the embryonated chicken egg, to compare the growth phenomena 
of these tissues, and, in addition, to study the possible changes pro- 
duced by the tissue in the chicken embryo. 

The skin tissue was selected for the experiments, as skin has proved 
to be one of the best viable tissues on the CAM (26, 27, 29, 4). Besides, it 
was more easily available than other types of human tissue both at 
various stages of development and in different malignant forms. It 
was but natural that the homologous skin tissue was selected for control 
material, as it corresponding to other test tissue was likewise growing 
relatively well on the membrane. 

The different phases of the study were divided as follows. 

1) First, an attempt was made to determine at which stage of develop- 
ment the CAM offered the best living conditions for the skin tissue grafts. 
Then using the most suitable membrane, 

2) To observe the viability of the homologous skin tissue of different 
stages of development on the CAM, 

3) To observe the viability of the normal human skin of different 
stages of development on the CAM, 

4) To perform comparisons between the viability of the homologous 
and heterologous normal tissue, 
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5) To observe the viability of benign human tumors of the skin 
on the CAM, 

6) To observe the viability of malignant human skin tumors on the 
CAM, e 

7) To perform comparisons between the normal and neoplastic tissues 
and to observe the possible changes produced by these in the embryonated 
chicken eggs, 

8) To transplant both normal and malignant tissue of the human 
skin on the same membrane and to observe the possible mutual influences 
of the tissues, 

9) To try to transplant the above-mentioned tissues through several 
egg passages and, if possible, to find a tissue type that could continually 
be transplanted on the membrane. 


Material 


All the 1060 embryonated Leghorn eggs used in the present study 
were from the same hatchery. The following tissues were transplanted 


to the CAM. 


A. Homologous tissue 
1) Skin of the chick embryo 
2) Skin of the chicken 
3) Skin of the adult hen 


B. Heterologous tissue 
Normal tissue 
1) Embryonic tissue of the human skin 
2) Adult tissue of the human skin 
Tumors 
1) Benign tumors of the human skin 
2) Malignant tumors of the human skin 


C. Normal and malignant human skin tissue side by side on the 
same membrane 


Homologous Tissue. — In total, skin of the chick embryo was trans- 
planted to 60, chicken skin grafts to 60, and skin of the adult hen 
to 52 eggs. 

Heterologous Tissue. — The heterologous tissue contained solely 


human skin tissue, which was transplanted both in normal condition 
and in different skin tumors. 
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The normal skin contained both embryonic skin, which was obtained 
from 4 embryos 2—5 months of age and transplanted to 105 eggs in | aw 
total, and adult human skin which was transplanted to 291 eggs. ste 

The skin tumors were obtained both from malignant and benign types. | for 
The benign skin tumors were as follows: 1 keloid, 4 fibromas, 7 naevi, } eg: 
4 verrucae of the sole, and 5 leukoplakia tissues. Tissue from these tumors | m¢ 
was transplanted to 158 eggs in total. The malignant skin tumors were | th 
taken from 30 basocellular, 15 spinocellular, 3 baso-spinocellular, and | dr 
3 anaplastic skin carcinomas as well as from 3 mammary carcinomas | ca 
adherent to the skin. In total, malignant tissue was transplanted to | th 
309 eggs. In addition, tissue from 3 basocellular and 3 spinocellular } 4 


carcinomas was transplanted to 25 eggs simultaneously with the normal 9 w: 
skin tissue. T 
Method 


Before transplantation the embryonated chicken eggs were incubated eC 
in a hatching machine at 37° C, where the eggs were turned twice a Ww 
day. The relative moisture of the air was 70 per cent. After trans- h 
plantation the eggs were preserved in an incubator, where the tem- Pp 
perature and the relative moisture of the air were the same as in the e 
hatching machine. Except a few modifications, the inoculation method g 
used was the so-called ’’false air sac’ technique by Burnet (6). v 
The eggs were candled with a lamp specially constructed for the v 
purpose, and the position of the air space and the largest membranous 
vessels were noted and outlined with a pencil. First, the general method 
was used in which a window of 1 sq.cm was sawn from the shell with 
a carborundum disc attached to a dental drill. With this method, 
however, the CAM easily adhered to the shell and the shell membrane, 
obviously because of frictional heat. Therefore the eggs were later cut 
with a blunt-edged instrument constructed from a surgical knife by 
grinding. A small groove was made on the egg shell and a piece about | 
sq.cm in size was removed by lifting the shell. | 
The rough breakage of eggs was equally slight in both methods, but | 
reactions on the membrane and mortality of eggs were greater during | 
the incubation period in the former method. Moreover, it was easier 
to discover the damages on the membrane of the egg in which the shell 
was removed with the instrument, as the damaged point was in the 
middle of the membrane, and not in the edges as in the sawing method. 
A qualified worker could open the eggs as rapidly with the instrument 


as with the drill. — In the present study all the eggs were opened with 
the blunt-edged instrument. 
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After removing the piece of shell a small hole was made with a sharp 
awl through the shell and the shell membrane of the air sac. A drop of 
sterile saline was applied to the shell membrane to prevent petechia 
formation, which occasionally occurred when the CAM loosened from the 
egg shell. Through the drop a hole was pierced gently with a blunt instru- 
ment through the shell membrane when the water penetrated between 
the CAM and the shell membrane. By sucking the air sac the CAM was 
dropped from the shell membrane which was now removed from the new 
cavity, and the graft could be placed on the CAM as wanted, usually at 
the blood vessel. An attempt was made to cut all the grafts about 
4x 5 x 0.5—1 mm in size. A disadvantage difficult to eliminate 
was that some grafts tended to roll when placed on the membrane. 
This rolling not only caused bleeding on the membrane when efforts 
were made to straighten the graft but, in all probability, also prevented 
and slowered incorporation. Rolling and - wrinkling were the more 
common the more the skin contained elastic tissue. Adult human skin 
was most difficult to deal with, while jelly-like chick embryo skin and 
human embryo skin were easier to place. After several attempts, it 
proved to be best to place the graft evenly on the CAM by cutting it 
extremely thin with even thinner edges. By grasping the edges of the 
graft with fine forceps so that the corium side opposite to the membrane 
was turned convex the graft could be placed on the membrane fairly 
well and without notable lesions. 

After placing the graft on the membrane the window in the shell 
was sealed with transparent Scotch tape so that the graft could be 
observed daily by means of a magnifying glass. Every other day a 
specimen was taken from each series by cutting 1—2 tissue grafts and the 
surrounding CAM for histologic examination. Each chick embryo was 
dissected and tissue specimens were taken from the liver, spleen and 
lungs for the examination of possible changes. 

The sterility control was also performed from each dead embryo on a 
blood agar plate. The dead embryos could be divided into two groups. 
The first group contained embryos with no signs of infection. It is 
probable that factors, such as the opening of the egg shell, cold, the 
breakage of the membrane and perhaps even the influence of the tissues 
on the embryo caused the death of the embryo. The trauma mortality 
was 10 per cent, in total. The infected embryos, 2.4 per cent in total, 
formed the second group. 

All precautions were taken in order to avoid contamination. Before 
the inoculation the tissues were kept for a short period in sterile saline 
containing 500 units of penicillin and 50 mg of streptomycin per ml. 
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The egg shell was wiped with 60—70 per cent ethyl alcohol and the 
instruments were sterilized by boiling them before use, and kept in 60 
per cent alcohol during the experiments. The egg lay on cotton wool 
soaked in alcohol. 


Histologic Examination 


A piece of the CAM with skin grafts was placed on a thin piece of 
paper to prevent wrinkling. The piece of paper had, however, to be 
removed before embedding in paraffin. The tissue specimen was fixed 
in Bouin’s fluid, dehydrated in increasing ethanol-butanol series, em- 
bedded in paraffin, cut into sections of 5 uw and stained with hematoxylin 
and van Gieson’s stain. 

To evaluate the growth capacity of the grafts, the original tissue was 
studied microscopically paying special attention to possible inflammatory 
changes. The quality and amount of inflammation as well as the occur- 
rence of necrosis were noted in this connection. 

In malignant specimens, the grade of differentiation was studied also 
histologically. In all original tissue specimens, special features of the 
tissue were studied, such as skin glands and hair follicles and pigmentary 
cells of the naevi. The features occurring in the grafts were compared 
with those of the original tissue specimens. 


Evaluation of the Results 


Each specimen was examined with the naked eye, with magnifying 
glass and with microscope. The results of the grafting were divided 
into following groups on the basis of the histologic picture. 


a) Good results refer to grafts showing good viability, which was 
comparable with the control material, 7. e., with the fresh tissue grafted. 

b) Fairly good results refer to grafts in which part of the tissue was 
still viable, but in which necrosis also occurred. Accordingly, these 
grafts did not live well on the membrane. 

c) Questionable results refer to the grafts in which the tissue resulted 
in necrosis, but in which here and there in the edge of the graft or deep 
in the membrane some living cells were seen that could be assumed to 
belong to the original graft. 

d) Poor results refer to entirely necrosed grafts. 


The first and the last groups were easily distinguished, while it was 
much more difficult to classify the tissues in the other groups. Had the 
dividing criterion been only ’’good’’, poor” and the classi- 
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fication would hay» been too rough. In the microscopical evaluation 
the main attention was paid to the graft in its entirety, but graft cells 
living on the mesoderm of the membrane were also noted, if possible. The 
macroscopical examination made the evaluation easier, but because the 
graft often sank inside the membrane, macroscopical evaluation was 
not always possible. 


Optimal Transplantation Age of the CAM 


When determining the optimal age of the CAM, skin of the chick 
embryo and chicken was selected for test tissues, as it was easily avail- 
able, grew well on the membrane, and because its basic structure was 
fairly similar to the human skin. Thus we also obtained material that 
enabled us later to compare the growth of homologous and human skin 
tissues as well as the reactions they produced. In each group, 10 grafts 
were inoculated (Table 1, p. 28). 

Five-Day-Old Membrane. — In this series more dead transplan- 
tation grafts were met with than in the others. It is evident that a mem- 
brane of this age is too young and undeveloped for transplantation pur- 
poses. At the start the tissues probably lived on plasmatic circulation, 
but as early as after six days increasing degeneration occurred. On the 
5th day, many grafts still swam loose on the membrane because of delayed 
fixation. Three grafts disappeared and could not be found, though the 
shell was totally removed and the embryo with its membranes was 
examined under the water, when as a rule disappeared grafts were easily 
found. They had obviously sunk in the embryo through the thin mem- 
brane, or slid away from the membrane and dried on the egg shell, 
or been resorbed because of poor nutrition. One embryo was infected by 
Staphylococcus albus. Traumatic deaths of the eggs were fairly rare. It 
might be mentioned, however, that during the manipulation many eggs 
were spoiled because of the easy breakage of the CAM. 

Seven-Day-Old Membrane. — The seven-day-old membrane offers 
more favorable circumstances, which was clearly established by more 
successful grafts. Delayed fixation of the grafts, however, still occurred. 
One of the grafts disappeared. As a new phenomenon, a vesicle formation 
occurred under the CAM which will, however, be discussed in more detail 
later on. 

Nine-Day-Old Membrane. — It seemed evident that the 9-day-old 
membrane was the most suitable for the transplantation of skin tissue, 
as all transplanted grafts were viable. Follicle formation occurred in 4 
cases. Some bleedings occurred on the membrane, but they did not 
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interfere with the growth of the grafts. On younger membranes I did 
not see any hemorrhages. 

Eleven-Day-Old Membrane. — The number of viable grafts was similar 
to that in the previous series their condition on the membrane being, 
however, slightly poorer. Bleedings tended to be abundant and inter- 
fered with the growth of the grafts by forming tar-like shells around them. 

Thirteen-Day-Old Membrane. — Bleeding tendency still increased. 
Fixation of the grafts was extremely good and rapid, but in spite of this 
there seemed to occur no great positive changes for the growth. It seemed 
likely that the otherwise favorable circumstances could not compensate 
the shortened period of time to live on the membrane. 

Fifteen-Day-Old Membrane. — In this series, bleeding occurred in 
each membrane and interfered with the growth of the grafts by forming 
black tar-like rings around them. The results were not so good as those 
of the 9-day-old series. Taking also into consideration the shortened 
period of maintenance, it is obvious that the 15-day-old membrane is 


not suitable for grafting. 


Summary 


The 5—7-day-old CAM is still too unripe for grafting. Grafts did 
not adhere rapidly enough to membranes younger than 8 days, which 
‘was probably due to their poor vascularization. Moreover, grafts tended 
to sink in younger membranes more often. This phenomenon showed 
no evident influence upon the viability of grafts, but it made the macro- 
scopical evaluation difficult. Bleedings, on the other hand, occurred on 
too old membranes disturbing, to some extent, the growth of grafts. 
Previous workers (65) have also paid attention to the unfavorable in- 
fluence of bleeding. 

On the basis of these experiments, it seemed likely that the 9-day-old 
CAM would be the most suitable for transplantation. Therefore in later 
experiments, eggs of this age were used, though 10—11-day-old eggs had 


to be used occasionally. 


HOMOLOGOUS SKIN TISSUE ON THE CAM 
Skin of the Chicken Embryo 


The macroscopic and microscopic evaluations were based on the 
grafts taken from 10-day-old chick embryos and transplanted to the 
membranes of 9—11 days of age (Table 1, p. 28). 

Macroscopic Fectures. — Down feathers could not be detected in the 
skin of the 10-day chick embryos by the naked eye. The skin was jelly- 
like and difficult to flay. This succeeded best in water in which the 
skin could clearly be seen. as a thin pellicle. The piece of skin was placed 
on the CAM without difficulties owing to its jelly-like composition, and 
it adhered during the first 24 hours. In most cases the graft remained 
convex on the CAM. It was flesh-colored and could thus easily be distin- 
guished from the membrane. Due to membranous bleeding, the color 
turned brownish and. with the age jelly-likeness disappeared while the 
piece hardened considerably. On the 4th—5th day, 2—4 mm long down 
feathers could be observed in the grafts. On the 10th—11th day, they 
had grown up to about 8 mm. In the controls, the down feathers were 
about 10 mm long and grew thicker than in the grafts. This referred to 
inhibition in the down growth. Five embryos died of trauma, but no 
infections occurred. 

Microscopic Features. — Out of 15 grafts, 11 showed good and 3 
fairly good growth. One graft resulted in necrosis. After the first 24 
hours the grafts adhered firmly to the membrane. The ectodermal layer of 
the membrane was swollen, and its cells seemed to be partially degener- 
ated. The dermal papillae of the graft were primitive. They, together 
with the vascular layer, were relatively abundant in blood cells (Fig. 1). 
After 5 days the dermal papillae had developed considerably. The ecto- 
derm of the membrane had mostly disappeared, and in the preparations 

in which it still survived the ectodermal cells were degenerated (Fig. 2a). 
At the end of the test series, the 9th day, various components of the graft 
were found evenly expanded inside the mesoderm of the membrane. 
Compared with the control preparations, major differences could not be 
found between different tissue layers, except shorter and thinner down 
feather rudiments. The corium was looser in the grafts and no demarcation 
line between the graft and the membrane was found. Epidermis tended 
to wrinkle in the folds with keratin accumulations (Fig. 3). 
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Reactions on the Membrane. — As mentioned previously, the CAM 
responded extremely sensitively to all stimuli. Two days after the trans- 
plantation of the graft, light-gray veil-like cloudiness in the form of an 
irregular star was observed on the membrane. Later it took a faster 
fusiform shape surrounding wall-like the graft. Another common phe- 
nomenon was the accumulation of blood vessels around the graft, as 
reported by, e.g... Danchakoff (11) and Willier (103). Asa 
rule, the graft was placed on the blood vessel, which then enlarged. 
Gradually other blood vessels also penetrated into the graft. It almost 
seemed as if the graft had drawn them to it. 


The membranous hypertrophy around the graft, as seen in the 
microscope, proved to be due to the hypertrophy of all membranous 
layers where the mesodermal hypertrophy was prevailing. The ecto- 
dermal and endodermal hypertrophies varied in each case. They occurred 
mostly in the folds of the membrane, or in the sites where the graft and 
the ectoderm became attached. The mesodermal hypertrophy was 
pronounced and very common. Contrary to the ectodermal and endo- 
dermal hypertrophies, it decreased with the increasing age of the mem- 
brane. At the site of the membrane where the graft lay there occurred 
degeneration and disappearance of the ectoderm, as mentioned previ- 
ously. In some cases, small islands of the ectoderm survived, and it 
seemed likely that these were the cause of the development of the so- 
called epithelial pearls. 


The cellular reactions of the membrane were rather slight in this 
series. Only in the cases in which the graft was necrosed inflammatory 
cell accumulation could be noted in the close neighborhood of the grafts. 
Typical of this series was a large vesicle formation 2 cm in diameter on 
the endodermal layer, exactly underneath the graft. This phenomenon 
was already shortly mentioned in the preliminary study (68). Previously, 
Murray (64) and Karnofsky with co-workers (45) noticed a 
similar vesicle formation when transplanting rudiments of 2-day-old 
chick embryos to the 8-day-old CAM. 


Almost every grafted tissue caused some reactions, but a large sac 
formation was found only in the series in which homologous embryonic 
tissue was used. Accordingly, it is possible that embryonic tissue in- 
fluenced the development of the vesicle formation. It occurred only in 
young membranes, 7—9 days of age. Mostly, the vesicle became ad- 
herent to the endoderm of the membrane with a thin stem. It contained 
clear mucous substance, and its wall consisted of 3 layers, as did the 
membrane itself. The loose middle layer was encircled on each side by 
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membranes formed from flat cells, the microscopical structure of the 
wall thus closely resembling the normal CAM. 

Reactions in the Embryo. — No marked changes were found in the 
embryos. In the 5 cases, in which the embryos were allowed to hatch, the 
chickens grew normally without differing from the controls in any way. 
The microscopic preparations from the lungs, liver and spleen were 
equally similar to those of the controls. 


Skin of the Chicken 


The skin grafts were taken from 4-day-old chickens. For uniformity, 
also in this series only the grafts transplanted to 9—11-day-old mem- 
branes were taken into consideration in the evaluation of the results 
(Table 1, p. 28). 

Macroscopic Features. — The graft became adherent to the membrane 
on the lst—2nd day. The piece lay convex on the CAM. No marked 
enlargement in the size of the graft could be observed during the 9 days 
when the graft was on the membrane. On the contrary, the impression 
was gained as if the graft had shrunk, which was probably partly due to 
the fact that the margins of the skin graft turned inside forming a more 
convex formation on the CAM. The skin tissue seemed to have been 
growing on the membrane, though the growth was slower than in the 
controls. This became most evident when comparing the down growth 
between the grafts and the control animals. When the skin grafts were 
flayed from the back of the chicken, the down was ca. 1 cm of length and 
was not dense. On the 10th—11th day, the down feathers of the graft 
were 1.5 cm long, but 0.5 cm shorter than those of the controls. The 
most remarkable difference was, however, in the density of the down, 
because the number of down feathers in the grafts did not seem 
to have increased being half as scarce as that of the controls. 

Microscopic Features. — Out of the 18 grafts, 9 showed good and 7 
fairly good viability, while 2 grafts resulted in necrosis. In most prepara- 
tions, degeneration and disappearance of the ectoderm of the CAM was 
to be noted as soon as the 2nd day. On the 4th—5th day, no uniform 
ectoderm could be found any more, but the mesoderm of the membrane 
penetrated into the graft and its fibrocytes and thin capillaries of blood 
vessels interlaced between the connective tissue fibers of the corium. 
The maximal period of the graft on the CAM was 9 days and during this 
time proliferation was noted both in its epidermis and dermal papillae. 
The graft was considerably thickened and no demarcation line could be 
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noted between the graft and the membrane. The comparison of the 
graft with the control preparation revealed that the epidermal layer of 
the graft corresponded to the control tissue, while differences occurred in 
other layers. The connective tissue of the dermis was, on the contrary, 
considerably loose forming the main part of the graft. Occasional hyalini- 
zation was observed in the connective tissue. The down feather papillae 
were developed, though they never reached the same size as the control 
material. That was also true for the small muscles surrounding the down 
feather rudiments. 

Reactions on the Membrane. — In this series, too, the membranes 
reacted to the graft as previously by forming white veil-like cloudiness 
around the graft on the 2nd—3rd inoculation day. After 4—5 days 
the veil formation hypertrophized into a wall-like disc around the graft. 
As compared with the previous series, the disc was greater, probably 
because the graft was harder than the previous embrycnic tissue. No 
vesicle formation was seen, although the disc could hypertrophize so 
that it grew above the margins of the graft, whereby the graft sank 
into the CAM. Sinking was the greater, the thicker the piece was 
and the more it was wrinkled. However, the piece never sank into 
the CAM entirely, at least the center always remained on the surface. 
It was stated earlier that sinking was influenced by the age of the 
membrane. 

Microscopically, no great difference was found qualitatively in the 
reactions of the CAM as compared with previous experiments. The ecto- 
derm disappeared from under the graft as usual ‘and hypertrophized 
around the graft. Mesodermal and endodermal changes were likewise 
similar to those in previous series. Inflammatory cells were found only 
around dead grafts. They did not occur in viable grafts. 

Reactions in the Embryo. — No notable changes occurred in the 
embryos. 


Skin of the Adult Hen 


The tissue grafts from 3-year-old hen were transplanted to 53 eggs in 
total. Before flaying, the back skin of the hen was picked clean from 
feathers and wiped with 30 per cent alcohol. The skin was flayed along 
the subcutis, the graft was cut into standard pieces and soaked in peni- 
cillin-streptomycin solution as previously (Table 2, p. 34). 
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TABLE 2 
Skin of the Adult Hen on CAM 


Number of Series H6 L — H6LI 
| 
Number of specimens................ | 1 
| 


Macroscopic Features. — During 4—5 days the majority of the grafts 
sank hypertrophized into the CAM forming a sac inside it. Possibly be- 
cause of wrinkling, the size of the piece became smaller on the membrane; 
accordingly, proper macroscopic growth was not visible. New feathers 
did not grow. During the experiment, 3 embryos died without any signs 
of infection. One embryo was infected by a mold, which occurred 
occasionally but did not, in general, lead to the death of the embryos. 

Microscopic Features. — On the remaining 48 membranes, 39 grafts 

in total were viable, 15 of which showed good and 24 fairly good viability. 
Nine grafts resulted in necrosis. Wrinkling and rolling of grafts, frequent 
in almost every preparation, had obviously unfavorable effects upon the 
viability. Most grafts were surrounded by the mesoderm of the mem- 
brane and on the 4th—5th day the small blood vessels of the membrane 
grew into the dermal part of the graft. When comparing the successful 
preparations with the controls no great differences were seen except the 
appearance of inflammatory cells. The epidermal layer of the graft 
showed probably greater keratinization and the grafts were often very 
folded, but no other changes could be found. 

Reactions on the Membrane. — Inflammatory cell accumulations were 
also observed abundantly around the viable grafts (Fig. 4). In this 
series, the reason for the occurrence of inflammatory cells must have 
been some other than before, because the round inflammatory cells were 
accumulated only around the dead tissue. The age of the graft tissue 
may have played a certain role in the reaction. The other membranous 
reactions, 7.e., the disappearance of the ectoderm on the site of the graft 
and the membranous hypertrophies were, on the contrary, entirely 
similar to those in the previous experiments. 
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Reactions in the Embryo. — The spleen was slightly enlarged and 
redder than usual in some embryos, while other changes were not seen. 
Five chickens which were allowed to hatch and live after hatching looked 
quite normal. 


Summary 


The homologous skin tissue grew well on the CAM as a rule. The 
embryonic skin tissue showed the best and the adult chick skin the 
poorest viability. The tendency to wrinkle certainly played a role in 
the poor viability of the old skin tissue. This tendency did not appear 
in the young tissue. In embryonic and chicken skin tissue grafts, notable 
down feather growth was seen and mitoses were most numerous in 
young tissues, above all in the epidermis and around dermal papillae. 
Mitoses were also met with in adult skin tissue grafts as evidence of the 
growth. 

The CAM responded to every inoculation irrespective of the age of the 
tissue as follows. Hypertrophies appeared both in the ectoderm, meso- 
derm and endoderm. One to three days after the inoculation, the ecto- 
derm disappeared from the site where the graft was exposed and the 
remnants resembled so-called epithelial pearls. Besides these general 
reactions, a few phenomena possibly in connection with the quality of the 
graft were observed. These were the vesicle formation on the inner wall 
of the membrane, which was met with only when transplanting the 
embryonic skin, and the considerably abundant accumulation of inflam- 
matory cells around adult skin grafts in the membrane. It seemed likely 
that the inoculations produced no changes in the embryo itself. 
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HETEROLOGOUS SKIN TISSUE ON THE CAM 


Normal Human Skin 


Goodpasture and co-workers (26) were probably the first to 
transplant human skin on the membrane. They used pieces of the same 
thickness as Thiersch grafts and gave a detailed report on the behavior 
of human skin on the membrane. The viability of skin was good and it 
could be used as testing material in various virologic and bacteriologic 
experiments (27, 29, 4). The experiments in the present study were 
mainly performed for comparative purposes and, accordingly, little 
attention was paid to histologic characteristics. The material included 
both embryonic and adult human skin. 


Embryonic Human Skin 


As far as is known, embryonic tissue has been cultivated on the mem- 
brane only once so far (15). Thus it was interesting to study the viability 
of the embryonic skin on the CAM. The skin grafts were taken from 5 
embryos obtained from the Women’s Clinic of the University of Helsinki, 
in connection with legal abortions. The age of the embryos varied from 
2—5 months. The grafts were implanted about 3—4 hours after the 
operations. Meanwhile the embryos were stored in the refrigerator at 4° C. 
The skin tissue was flayed along the subcutis, so the grafts were 0.5—1mm 


thick (Table 3). 
TABLE 3 


Human Embryonic Skin at Various Stages of Development 
on the 9-11-Day-Old CAM 


Number of Series Hu XVUT Hu XVII} Hu XIX!) Hu XX | 
Age of Embryonic Skin | Pm | _ Total 
| | | 
Number of spe-imens | 1 | 1 1 | 1 | 4 
Number of eggs .. 30 10 20 | 10 70 
| 2 2 2 6 
Infection ........ | -- 1 | 1 
12 2 14 | 5 33 
Fairly good ...... ll 4 3 | 2 | 2 
1 3 | 1 10 


| | 


to 
rior 
1 it 
fate 
ere 
itle 
led 


37 


Two-Month-Old Human Embryonic Skin 


Macroscopic Features. — The skin tissue of this age was still rather 
jelly-like, and easily adhered to the membrane within 1—2 days. Most 
of the grafts remained on the membrane throughout the inoculation 
period, though a few grafts sank into the hypertrophized membrane 
resulting in fusiform formations. The maximum time the graft could be 
maintained on the membrane was 10 days, and during that time it 
thickened considerably developing a brownish or gray formation on or 
inside the membrane, resembling in form and shape a half of the pea. 
Simultaneously, however, the area of the grafts diminished. Therefore 
the thickening of the graft could not be due to the growth of the graft 
solely, but additional factors, such as the swelling of the piece and the 
rolling of its margins had to be taken into consideration. The latter 
phenomenon was, however, slight in grafting embryonic skin. 

Microscopic Features. — In total 30 grafts were cultivated. Two 
embryos died of trauma, so 28 grafts were available for microscopic 
evaluation. Twelve of these grew on the membrane so well that the 
tissues were comparable to the controls. Eleven grafts showed fairly 
good viability, and 5 were entirely necrosed. The cells of the dermal 
layer of the graft very much resembled the mesodermal] cells of the mem- 
brane, and it would have been difficult to draw the line between the 
graft and the membrane, had not the epithelial pearls survived in the 
ectoderm. Moreover, abundant vascular bed had developed in the dermal 
layer, which for its part, made the determination of the line easier. As 
soon as 1—2 days after the inoculation the blood vessels were filled with 
chick blood cells. After 9 days the dermal layer was thickened twice as 
large as its original size because of the multiplication of cells and the 
edema. Growth also occurred in the epidermal layer, and the mitoses were 
relatively frequent in the stratum germinativum and around the embryonic 
hair follicles (Fig. 5a). 


Three-Month-Old Human Embryonic Skin 


The majority of the grafts in this series (like those of 5 months of age) 
was retransplanted to new eggs. Therefore the number of first passage 
grafts for evaluation was smaller than that in other series. 

Macroscopic Features. — Three-month-old skin tissue did not differ 
much from the former, so the grafts were almost similar though somewhat 
faster, and adhered well to the membrane. Probably owing to small 
membranous bleeding, the grafts became slightly brownish and took on 
a convex round shape on the membrane. During the experiment, 3 
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embryos died, one of infection. The causative organism was Micro- 
coccus albus. 

Microscopic Features. — Of the 7 grafts, 2 showed good, 4 fairly good 
and | poor viability. Microscopically, the grafts resembled the tissue used 
in the former series. The dermal layer was most similar to that in the 
former series having thickened about 2—3 times from its original size. 
This was obviously caused by the multiplication of cells and by edema 
occurring in the grafts. No demarcation line was found between the 
graft and the membrane (Fig. 6a). The epidermal layer was more 
developed and the stratum germinativum, stratum intermedium and peri- 
dermis could be discerned on it, the lines of the layers not being, how- 
ever, so clear as in the control preparations. In some preparations a 
cellular layer formed from dead cells was seen on the periderm after 
6—8 days, obviously the first elements of the stratum corneum layer. 


Four-Month-Old Human Embryonic Skin 


Macroscopic Features. — The tissue was clearly tougher and resem bled 
more the adult skin tissue than that in the previous series, but the grafts 
lay well on the membrane. They were transparently white or 
brownish in color and tar-like hematoma was occasionally seen in the 
margins. The majority of grafts remained on the membrane throughout 
the inoculation period. The thickening and the corresponding reduction 


of the area of the graft were probably somewhat slighter than in two | 


former series. None of the eggs died of trauma or infection. 

Microscopic Features. — Out of the 20 grafts, 14 showed good and 
3 fairly good viability, while 3 grafts resulted in necrosis. Because the 
dermal layer of this age is faster and the connective tissue cells are 
more fusiform, the graft could better be distinguished from the meso- 
derm of the membrane. Blood vessels occurred in the dermal layer 
abundantly, being filled with chick erythrocytes after the 2nd day. Signs 
referring to good viability and growth were seen especially around the 
hair follicles and in the epidermis where mitoses were frequent. On the 
surface above the peridermal layer, beginning stratum corneum develop- 
ment was observed (Fig. 7). 


Five-Month-Old Human Embryonic Skin 


Macroscopic Features. — The skin of this age was more like the adult 
skin, and it was much more difficult to place the graft on the membrane. 
Besides, during the inoculation its margins tended to roll penetrating into 
the usually hypertrophized membrane. Thus there remained a small 
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skin spot on the CAM where the ordinary skin folds could easily be seen. 
On the endodermal side of the membrane, the concave formation was 
pink in color and about 1 cm in diameter. On the Ist—4th days of the 
experiment, 2 embryos died of trauma. 

Microscopic Features. — Of the 8 grafts, 5 showed good and 2 fairly 
good viability, while one resulted in necrosis. Because the dermal layer 
of the skin already was fibrillous, it was easy to distinguish the graft 
tissue from the membrane. In most cases, about two-thirds of the graft had 
sunk into the mesoderm of the membrane. Well developed epidermal and 
corium layers, hair follicles and even fat tissue could be noted (Fig. 8 a). 

Reactions on the Membrane. — No marked differences could be obser- 
ved in the reactions on the membrane between the different age groups 
of the grafts, and the reactions resembled those observed with the chick 
tissue. No foreign tissue reactions occurred, but inflammatory cells 
appeared only around necrotic grafts. In some preparations the well 
survived graft lay totally on an intact membrane. 

Reactions in the Embryo. — No changes were found in the embryos in 
macroscopic or microscopic examinations. 


Retransplantation Experiments into New Eggs 


A disadvantage in the CAM method is that the tissue can be preserved 
on the membrane for limited periods only, as the chicken hatches on the 
21st day of incubation. This becomes most clear in slowly growing 
tissue species. Various attempts have been made to lengthen the period 
the tissue is on the membrane. Z.g., Hurst, Cooke and Mc Len- 
nan (41) made efforts to cultivate tissues on duck eggs, the hatching 
time of which is longer than that of chick eggs, but the results did not 
fulfil the expectations owing to the high mortality of eggs. On the con- 
trary, better results were obtained in experiments in which grafts were 
retransplanied through new egg passages (4, 48). 

After having observed that embryonic human tissue could be cul- 
tivated on the membrane, the next step was to study the possibility to 
continue the tissue growth from one passage to another. That this would 
prove difficult was clear from the very beginning. 

The same retransplantation method was employed in all experi- 
ments. After the maximal period of 9—10 days on the membrane 
the graft was cut off with a large piece of the surrounding membrane. 
Then the cut piece, the graft-side up, was placed in a sterile petri dish, 
the bottom of which was covered with a rubber plate, and which con- 
tained 20 cc of penicillin-streptomycin solution. The surface of the 
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rubber plate was rough, so it was easy to remove the piece from the 
membrane. Some of the grafts were transplanted to new eggs so that the 
graft and the part of the membrane surrounding it were cut in two, the 
other part being reserved for histologic examination. Accordingly, the 
behavior of the same graft tissue could be observed from passage to 
passage, while the other half of the graft was retransplanted to the new 
egg. In some cases, the graft loosened well from the membrane, but 
sometimes it had stuck to it so fast that the dermal surface of the graft 
had to be erased from the membrane with a knife. This procedure was 
undertaken, because it was noted in preliminary experiments that 
membranous remnants slowered the incorporation of the graft. After 
the loosening, the graft was placed on a fresh 9—11 days old membrane 
in the usual manner, where it stayed the maximal period of 10—11 
days before a new retransplantation. 

In total 20 embryonic human skin grafts were ae to 
the second passage. Therefrom 12 grafts were implanted to the third 
passage, and finally 3 grafts were retransplanted from the third to the 
fourth passage (Table 4). 

TABLE 4 


Retransplantation Experiments on the Human Embryonic Skin 


. II Passage | III Passage | IV Passage 
Number of specimens 2 1 1 4 
Number of eggs .... 20 12 3 35 
Infection .......... 1 1 
Fairly good ...... 3 3 
15 12 2 29 


Second Passage. Macroscopic Features. — It already became evident 
in macroscopic examinations that the second passage grafts did not 
show equally good viability as the grafts in the first transplantation. 
They were hardened, became smaller and sank easily into the membrane. 
Dead looking grafts occurred in abundance. They lay on the membrane 
like thin brown plates or a moist gray mass. Occasionally, a dead layer, 
probably the epidermis could be erased from the graft, while the white 


part of the graft remained inside the membrane. Two embryos died of 
trauma during this passage. 
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Microscopic Features. — With the exception of 3 preparations in — 


which a few cells of the graft were still living (Fig. 9), the other 15 grafts 
were in necrosis. The necrotic grafts lay on the membrane wholly or in 
part, and the epidermis and the dermal layer could still be discerned 
though all cells were dead. In some cases, the grafts had sunk into the 
mesoderm and inflammatory cells had accumulated around them. 

Third Passage. Macroscopic Features. — In total, 12 grafts were 
retransplanted to this passage. The size of the grafts became smaller 
after each passage owing to different reasons. Firstly, when retrans- 
planting the graft into a new passage it had to be erased from the mem- 
brane and in this connection small pieces of the graft remained on it. 
Secondly, in some cases, the graft was cut in two for histologic examina- 
tions after the first retransplantation series. Thirdly, wrinkling and 
hardening occurred in the grafts. Owing to these factors, the size of the 
grafts in the third passage was ca. 2 x 2 x 0.3 mm. Macroscopically, 
necrosis occurred in this passage even more often than in the second, 
which was probably caused by the poor condition of many grafts, though 
efforts had been made to select the best grafts of the previous passage. 
The pieces lay well on the membrane, but sank wholly or in part 
inside it during the 4th—5th day. The necrotic grafts did not seem to 
influence the mortality of eggs, as none of the eggs died during the 
experiment. 

Microscopic Features. — All 12 grafts were dead. Some lay on and 
some inside the membrane. In some preparations, remnants of hairs 
were found, in some connective tissue still remained as a hyaloid mass, 
but no living cells could be found in the grafts. 

Fourth Passage. — In spite of the fact that the grafts macroscopically 
looked dead in the third passage, the 3 best specimens were further 
retransplanted to the fourth passage. One of the embryos died of mold 
infection. The two latter grafts were entirely necrosed. 

Reactions on the Membrane. — The macroscopic membranous reactions 
resembled those in the first series by their veil-like cloudiness and fusi- 
form hypertrophies. In the cases in which the graft lay on the mem- 
brane like a brown dead plate the CAM was totally normal, and it was 
obvious that this type of dead graft could not evoke any reactions. 
Microscopically, around the remnants of the dying grafts inflammatory 
cells occurred in abundance as a sign of the reaction of the membrane. 


Reactions in the Embryo. — The great mortality of the grafts did not ‘ 


influence the embryos, which were normal. No abnormalities were met 
in their organs, either. Five of the embryos were allowed to hatch, 
which they did quite normally. 
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Adult Human Skin 


The adult skin grafts were obtained from 5 different sources. In two} 
‘cases, the skin was taken from 2 arm stumps of 26-year-old men, amputated] 


in connection with orthopedic repair operations. In one case, skin was 


obtained from a lower limb of a 60-year-old man, when the operation} 


was necessary because of the foot gangrene caused by thrombangitis 
obliterans. In 2 cases, the grafts were obtained from normal skin covering 


the mammary carcinoma and from skin covering a large lipoma of women 
aged 45 and 50. The skin grafts were cut according to the technique ° 
reported previously and were placed on the 9—11-day-old membranes d 


3—4 hours after the operation. Part of the skin was transplanted to the 
CAM after the preservation period of several days. Results obtained 


through these experiments will be given later. 
TABLE 5 
Adult Human Skin on the CAM 
Number of Series | V, KR LL, Lit 
Number of specimens........ 8 
Number of eggs ............ | 140 
15 
| 58 
20 


Macroscopic Features. — In total, 140 grafts were transplanted in this 
series. It was most difficult to expose the adult human skin on the 
membrane. Even if the graft lay well at first, its margins tended to roll 
inside the membrane. The viable graft was white, fast and entirely simi- 
lar to the normal skin so that the folds were clearly seen. The dying 
skin was slightly bluish, moist and swollen, and the entirely dead skin 
graft formed a gray-green mass or a thin brown plate dried on the mem- 
brane. The macroscopic evaluation was more difficult if the graft had 
sunk into the membrane. The loss of eggs caused by trauma or infection 
was further slight being 15 in the former and one in the latter case. 
Altogether, two cases of infections occurred, but only one of the embryos 
was dead. The causative organism was Micrococcus albus. In the other 
egg, the membrane was normal and the embryo was alive, but the dead 
graft was totally covered with a mold. 
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Microscopic Features. — In total, 124 grafts were left for microscopic 
examination. Of them, 46 showed good viability comparable to the 
normal skin. In 58 cases, the greatest part of the graft survived. Only 
20 grafts resulted in necrosis. In viable grafts (Fig. 10), the cells were 
tion similar to the normal, and both in the epidermis and in the connective 
yitis| tissues of the corium mitoses occurred referring to the growth of the 
‘ing graft on the membrane. The maximal period of time the graft was on 
nen the membrane was 9—10 days, and during this period degenerative 
que|j changes only occurred. in the group with fairly good viability. The epi-. 
nes dermis became thinner, the fibrils occasionally swelled, and cells in the 
the | connective tissue were scarcer than before. In entirely dead grafts, the 
1ed | epidermis was represented by a homogeneous corneal layer in which the 
contours of the cells could still be detected, while the connective tissue 
of the corium had degenerated to a hyaline mass. Various factors 
evidently caused the death of the grafts, e. g., the rolling of the margins 
since the rigid epidermis mechanically prevented the penetration of the 
-membranous vessels into the graft. Hematoma formations also retarded 
the fastening of the graft on the membrane. Moreover, in agreement 
~| | with previous workers (59) it was also noted that the thicker grafts were 
less viable than the thinner. Obviously there were also other factors, 
such as, above all, strange environment, because some preparations with 
ideal growing possibilities still showed poor viability. 
Reactions on the Membrane. — As mentioned previously, the graft 
remained on the membrane in most cases. The macroscopic reactions 
of the CAM did not at all differ from the previous ones. The reactions 
were the following: at first a veil-like cloudiness that in the course 
of time turned to a fusiform grayish membranous hypertrophy around 
8 the graft. Occasionally, a narrow ring grew from the membrane over 
the margins of the graft, and the membranous blood vessels were as 
l | if drawn to the graft. In some cases the graft remained on the entirely 
intact membrane. Microscopically, the ectoderm of the membrane 
; was swollen in the usual manner, and began its degeneration on the 3rd. 
day being disappeared on the 4th—5th days. In the corium of the 
graft, the connective tissue fibers interlaced with the membranous 
mesoderm, and the blood vessels penetrated into the graft. If the grafts 
grew well, no foreign body or inflammatory reactions were found on the 
membrane or in the graft. If the grafts, on the contrary, were less 
viable usual inflammatory cell accumulations occurred in the membrane, 
and giant cells appeared around the dead tissue remnants. They were 
met with in earlier experiments, too, so it was no specific phenomenon, a 
but now they were much more numerous. Likewise, epithelial pearls . ce. . 
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were met frequently, but in this case it seemed likely that they developed 
through the sinking of the epithelial islands of the graft. Papillary hyper- 
trophies were met in the ectoderm and endoderm of the membrane, 
mostly occurring on the membranes of 13 days of age or older. In the 
ectoderm the proliferation took place close to the margins of the graft, 
in the folds of the membrane, and in the endoderm especially opposite 
to the degenerated grafts. In the mesoderm, the usual mesenchymal 
proliferation was noticed. Around the less viable grafts, the membrane 
sometimes formed a demarcation line, which never occurred round the 
grafts that were in a good condition. 

Reactions in the Embryo. — In one embryo the bones of the skull 
were poorly developed so that the brains were only covered with a thin 
transparent connective membrane. In addition, the right lobe of the liver 
was about half of the normal size. Similar anomalies, however, have 
even been observed among normal embryos (74) and obviously these 
phenomena also belong to them. 


Retransplantation Experiments into New Eggs 


Goodpasture and co-workers (26) reported on successful trans- 
plantations of skin grafts to the second passage. In their experiments, 
the skin survived on the membrane for 14 days altogether. Blank, 
Coriell and Scott (4) later succeeded in transplanting skin 
through four passages by using extremely thin grafts containing epi- 
dermal tissue only. Thus they cultivated the skin on the membrane 
for 27 days in total. In this study, attempts have also been made to 
maintain adult human skin tissue on the CAM as long as possible 
using the retransplantation method (Table 6). 


TABLE 6 
Retransplantation Experiments on the Adult Human Skin 


II Passage IIT Passage! IV Passage | V Passage 
Number of Series Hul,, Vo, HuV,, 1X, HuXXIl, | HuXXIl, Total 
IX,,XXII,) XXII, | 


Number of specimens 4 3 2 —- 9 
Number of eggs .... 42 
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Second Passage. Macroscopic Features. — In total, 42 grafts from the 
original series were implanted to the second passage and they were let 
to lie on the membrane for 10 days. The majority of the grafts sank 
into the membrane making the macroscopic evaluation difficult. When 
the graft still lay on the membrane, the dead graft was macroscopically 
easy to recognize as a yellow-brown plate or a sticky greenish mass. 
(Contrary to the observations made by Good pasture and co-workers 
(26), no infections could be shown in dead grafts which would have ex- 
plained the death. Neither did there occur any deaths in the eggs caused 


by infections or trauma, so that all 42 grafts could also be examined 
microscopically. 

Microscopic Features. — Entirely normal skin tissue was not found, 
13 grafts showed fairly good viability and the remaining 29 grafts resulted 
in necrosis. Signs of degeneration were seen both in the epidermis and 
corium. The epidermis became considerably thinner containing only 
few cellular layers. Its nuclei swelled and vacuoles occurred in abundance 
in the cytoplasm. The fibrils in the corium became swollen and less 
marked, and a great many inflammatory cells were found between them. 
Probably this also referred to the fact that the grafts showed poor 
viability on the membrane (Fig. 11). 

Third Passage. Macroscopic Features. — Altogether 11 grafts were 
implanted from the second passage to the third. The second passage gave 
better results in the retransplantations of the adult skin than of the em- 
bryonic tissue. This proved to be the case when studying the grafts of 
the third passage, too. The macroscopic findings were divided into 2 
groups. The graft usually sank into the membrane forming a gray or 
pink fusiform formation, and it was difficult to evaluate the viability of 
the graft. It is worth emphasizing that the skin tissue, which during the 
first series remained on the membrane almost without exceptions, tended 
to sink into it in the second and especially the third passages. Only a 
small group of grafts lay on the membrane usually as a sticky gray-green 
mass or as a dried black plate indicating that the graft was necrosed. Not 
a single piece of skin in so good a condition as in the first passage was 
met with. In this series, no infections occurred and only one embryo 
died of trauma. 

Microscopic Features. — None of the 10 grafts were comparable to 
the normal skin. In 4 grafts, some of the epithelial cells were viable, 
while 6 grafts were entirely necrosed. As compared with the second 
passage, the viability of the grafts was still poorer. In some preparations, 
the connective tissue had formed a red ball inside the membrane. 

Fourth Passage. Macroscopic Features. — In total, the 6 best looking 
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grafts were retransplanted to this passage. During the passages the graft 
was hardened to the extent that it was difficult to handle. The piece 
exposed well on the membrane, but when examined with the magnifying 
glass through the Scotch tape window it was noticed that it slowly 
adhered to the membrane on the 4th—5th day and looked dead. The 
majority of the grafts later sank into the membrane making the macro- 
scopic evaluation difficult. 

Microscopic Features. — All the 6 grafts were necrosed, and the con- 
nective tissue, the structure of which still could be detected, had formed 
a homogeneous ball inside the mesoderm of the membrane. Not a sign 
of the epidermis of the skin could be seen. 

Fifth Passage. — For control purposes, 5 grafts were further im- 
planted from the fourth passage to the fifth. Two embryos died of 
trauma, and the remaining 3 grafts were macroscopically found to be 
necrosed. This fact was also confirmed microscopically. 

Reactions on the Membrane. — From the second passage on, the 
hardened grafts sank easily into the membrane, and the membranous 
ectoderm tended to cover them. In the microscope, the membranous 
reactions resembled those of fairly good and necrosed grafts met in the 
first series. Both demarcation line, inflammatory and giant cells occurred 
around almost all grafts. In the third passage, and especially in the fourth 
and fifth passages, the grafts mostly lay as brown plates on the membrane. 

Reactions in the Embryo. — All the embryos were normal. No changes 
were met with in histologic specimens, either. 


Influence of the Preservation Time of the Human Skin upon the Viability 
of the Graft on the CAM 


Murphy (57) and later Bender, Friedgood and Lee (2) 
assumed that the necrosis of the human tissue on the membrane was 
due to the elapse of time before the graft could be implanted on the 
membrane. Good pasture and co-workers (26) reported on the basis 
of only a single experiment, it is true, that the human skin gave ex- 
cellent takes after the preservation at 5°C for 24 hours. Moreover, 
Blank, Coriell and Scott (4) preserved the skin at 4° C for 
even 5 days before the implantation. Matthews (54) preserved the 
skin in an airtight place at about 3°—6° C for seven months observing 
no major changes in it. He also used human skin autografts successfully 
for the treatment of burns after 21 days’ preservation period, and 
reported that the skin, in spite of the preservation period of 8 days, 
maintained its viability in hanging drop culture. 
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In 1954, Brown and Fryer (5) reported that post mortem 
skin has been found to be viable up to one month by folding it on 
itself and keeping it moist in a sterile jar at ordinary icebox tempera- 
ture above freezing. Accordingly, it was considered to be of interest 
to examine if and to what extent the time factor influenced the viability 
of the graft on the membrane (Table 7). 


TABLE 7 
Refrigerated Adult Human Skin on the CAM 


Number of Series Hu Hu II ‘Hu VII Hu III Hu lV Hu VIII Total 
| | | | | 
Numberofspecimens, 1 | 1 | 1) ; 6 
Preservation time of | | | 
the skin (days) 1 | 5 7 15 |1—15 
Number of eggs ..| 11 | 12 | 14 | 14 | 25 11 87 
Fairly good ...... | 1 | 6 rs 8 6 3 | 31 
| + | 3 | 2 | 15 2 | 26 
| | | | 
Material and Methods. — The same skin tissues as were previously 


used in adult fresh-skin experiments were employed as material. The 
amputated extremity was preserved in the refrigerator at 5°C. For 
the sake of certainty, skin was taken from 3 extremities, 7. e., from two 
upper and one lower. The former amputations were performed in con- 
nection with repair operations of defective arm stumps, and the amputa- 
tion of the lower extremity was made because of the foot gangrene caused 
by thrombangitis obliterans. The skin was cut tangentially using the same 
method as in fresh-skin experiments. The skin grafts from the refrigerated 
extremity could be cut ca. 0.3—0.5 mm thick, and after soaking in the 
penicillin-streptomycin solution they were placed on the 9—11 days old 
membrane in the usual manner. 

Macroscopic Features. — The grafts, being somewhat moister, more 
grayish and swollen than the fresh-skin grafts, remained on the mem- 
brane as a rule. In spite of these changes, it was obvious that the grafts 
lived on the membrane. Differences occurred between various series, 
but they did not influence the final results. The grafts cut from the lower 
extremity lived best (series Hu VII and Hu VIII), while the grafts from 
the arm stumps (series Hu X, Hu II, Hu III) were less successful. The. 
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refrigerated skin tissue did not increase the mortality of eggs. It is 
worth emphasizing that no infections occurred (Table 7, p. 47). 

Microscopic Features. — The microscopic picture was exceptionally 
good, even better than could have been expected. The most important 
observation was that the influence of the time factor was smaller than 
was presumed previously (26, 4). Viz., the refrigerated grafts, preserved 
for 15 days, were similar to those implanted on the membrane after a 
shorter preservation time. H.g., in the 15-day series, the number of 
successful grafts was almost higher than in the series where grafts were 
preserved for one day only. Corresponding to macroscopic findings, the 
behavior of grafts varied slightly according to the extremity they were 
taken from. The grafts taken from the lower extremity were most 
successful (Fig. 12a and b), while more degenerative changes were 
found in grafts taken from the arm. The number of successful grafts 
was probably slightly decreasing as compared with the fresh-skin 
tissue, and in the cells of the grafts slight decrease of cell protoplasm 
was observed. However, mitoses were also met with in these grafts as 
signs of growth. 

Reactions on the Membrane and in the Embryo. — Inflammatory cells 
occurred abundantly on the membrane around the viable grafts, too, so 
that in this respect the reactions differed from those of fresh-skin grafts, 
in which nothing abnormal was found around the living grafts. No- 
thing remarkable was noted in the embryos. No embryos were infected. 


Summary 


The embryonic human skin tissue showed fairly good viability on the 
membrane. No marked differences were found in the behavior of the 
human embryonic skin tissue grafts of various ages. As compared with 
the control tissue, the greatest changes were observed on the dermal 
layer, which was thickened because of the cell multiplication and edema. 

The adult human skin grafts differed from the embryonic skin tissues 
in their smaller mitotic activity, though this phenomenon might be due to 
the basic structure of the tissue. The adult human skin also showed 
relatively good viability on the membrane. Of the transplanted grafts 
ca. 82 per cent survived, the figure corresponding to the results obtained 
with the embryonic skin tissue. Equal to embryonic skin tissue grafts, the 
adult grafts mostly remained on the membrane whereby the well sur- 
viving grafts were macroscopically entirely similar to the normal skin. 
This was also the case when examined microscopically. 
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No specific foreign body reactions were found in the chicken egg to 
the heterologous tissue and the changes occurring in the membrane 
were similar both in embryonic and adult tissue transplantations. 

In the retransplantation experiments, it proved successful to maintain 
the embryonic tissue on the CAM through two passages, 7. e., for 20 days, 
while the experiments performed on the adult tissue revealed better 
results. Viz., it could be transplanted through three passages, in other 
words, it survived on the membrane for 30 days. 

Adult human skin, preserved at 5° C for 15 days, was also er 
on the membrane. It was found that even then the tissue maintained its 
capacity for living and was good for grafting. The grafts taken from the 
lower extremity were most successful. Because here the cause for the 
amputation was thrombangitis obliterans, it could be presumed that the 
grafts showed better viability because the skin of the lower extremity 
had become used to poor circumstances and thus survived better the 
preservation time and transplantation. As compared with the fresh-skin 
grafts, the results were but slightly poorer, and better than could have 


expected. 


When the results were compared with those of the homologous tissue, 
it was found that’the skin of chick embryo and chicken lived on the 
membrane slightly better than the human skin, but the viability of the 
skin of adult hen and of human skin was almost the same. 


Benign Tumors of the Human Skin 


The tumors of this group were selected from the generally occurring 
tumors in the surgical out-patients’ department. Among them there 
were entirely benign tumors, such as fibromas and naevi, but also more 
precancerous tumors (leukoplakias) (Table 8). 


TABLE 8 
Benign Human Skin Tumors on the CAM 
Tissue Keloid | Fibroma Naevus Verruca \Leukoplakia | Total 
Number of tumors 1 | 3 | 7 4 5 20 
Number of eggs .. | 18 | 38 | 40 47 15 158 
| 4 6 5 12 | 2 29 
Infection ........ | 2 3 
Fairly good ...... 7 12 16 21 | _ 56 
| 10 | 14 12 48 
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50 
Keloid Tissue 


Goodpasture and co-workers (26) also cultivated keloid and 
naevus tissues on the membranc. They reported that these showed 
almost better viability than the normal skin, which was probably due to 
the suitability of the structure of keloid and naevus tissues for incorpo- 
ration. In the present study, experiments were performed on the keloid 

- tissue of a 10-year-old boy. The grafts of the keloid scar, developed 
after burns, were of the same size as those taken from the skin and were 
transplanted to the 9—11-days-old membrane. The results mostly agreed 
with those obtained by Good pasture and co-workers (26). 

Macroscopic Features. — In total, 18 grafts were transplanted, most 
of which sank wholly or in part into the membrane on the 3rd day. In 
this respect, the grafts differed from those taken from the skin. As the 
majority of the grafts was inside the membranous proliferation, the 
macroscopic evaluation was difficult, but the grafts seemed to have good 
viability. They appeared transparent and white through a fusiform for- 
mation. Four of the embryos died of trauma, but no infections occurred. 

Microscopic Features. — The keloid tissue showed equally good viabil- 
ity on the CAM as the normal skin tissue. Of the 14 grafts, 6 showed good 
and 7 fairly good viability, while one graft resulted in necrosis. In the 
blood vessels of the successful grafts, the blood cells of the chick embryo 
were found from the second day on and on the 5th day the capillary bed 
of the membrane began to interlace with the connective tissue fibrils. 
When compared with the control preparations, the connective tissue of 

the successful grafts showed a tendency to undergo lysis and the fibrils 
seemed narrower, perhaps indicating that the conditions, where the graft 
was living, were not satisfactory. 


Fibroma Tissue 


The tissue was taken from 3 tumors of fibroma type. 

Macroscopic Features. — The structure of the fibroma tissue does not 
greatly differ from the keloid and, accordingly, the results were mostly 
equal to those obtained in the previous series. In total, 38 grafts were 
transplanted and the majority of them remained on the membrane for the 
whole test period. During the experiment, 6 embryos died of trauma and 
2 of infection, the causative organism of the latter being a Micrococcus. 

Microscopic Features. — Thirty embryos survived till the end of the 
experiment. On the membranes, 8 grafts showed good and 12 fairly good 
viability, while 10 grafts resulted in necrosis. The results were thus 
slightly poorer than those obtained with the normal skin. 
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Naevus Tissue 


This tissue was transplanted from 7 different naevi which were trans- 
ported like all other specimens to the laboratory in physiological saline 
in order to avoid drying. There they were transplanted on the membrane 
within 2—3 heurs after the operation. 

Macroscopic Features. — The grafts could be seen on the membrane 
as dark-brown pieces. On the 2nd—3rd day some of the grafts sank into 
the membrane and developed there a usual fusiform formation. In total, 
40 grafts were transplanted, and 5 embryos died of trauma. No infec- 
tions occurred. 

Microscopic Features. — The remaining 35 grafts were examined 
microscopically. Eight of them showed good and 16 fairly good viability, 
while 11 resulted in necrosis. The results were thus slightly poorer than 
those obtained with the skin tissue, perhaps because these grafts could 
not be cut so thin as the skin grafts. The epidermal and corium cells 
were similar to those in the ordinary skin grafts. Normal pigmentary 
cells could also be seen, though they were mostly spread, because pigment 
was noticed to be free in the tissues and macrophages (Fig. 13a and b). 


Verruca Plantae Pedis Tissue 


In four cases of verruca of the sole, the tumor was removed by an 
oval excision. The grafts were then cut tangentially as thin as possible, 
ca. 1 mm. The bulk of the verruca tissue was partially dead epidermis 
and thus not suited for transplantation. As verrucae are supposed to 
be caused by a virus, it was interesting to note whether the sensitive 
membrane was able to respond specifically. . 

Macroscopic Features. — In total, 47 grafts were transplanted on the 
membrane. Twelve embryos died of trauma so that 35 grafts remained 
for the evaluation of transplantation results. High mortality in this 
series was probably due to the rigid grafts causing more damage on the 
CAM than skin grafts. However, the existence of some damaging agent 
cannot be left without consideration. No inclusion bedies or other ab- 
normalities could be found on the membrane or in the embryo. Usually, 
the grafts remained loose on the membrane rather long, even for 4 days, 
as a sign of the slow incorporation. The majority of the grafts later 
sank into the membrane forming an almost sac-like formation. 

Microscopic Features. — In 5 of the 35 grafts, the cells of the hyper- 
trophized epidermal layer were relatively viable and in 16 grafts cells 
were surviving both in the epidermis and especially in the connective 
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tissue underneath. However, all of these grafts were considered only 
fairly good because part of the graft was in necrosis (Fig. 14). The 
remaining 14 grafts were entirely necrosed. No specific changes occur- 
red in the embryos or membranes. 


Leukoplakia Tissue 


Of the 5 leukoplakia specimens, 3 were taken from the mucous mem- 
brane of the cheek and 3 from the lower lip. The examination of the 
original tissue revealed such a great cellular polymorphism in basal parts 
of the epithelium of two tissue grafts that the tissue was considered pre- 
cancerous. In one tissue graft, the inflammatory cell infiltration proved 
to be strong, and in four others only moderate. 

Macroscopic Features. — In total, 15 grafts were transplanted to the 
membrane, but because 2 embryos died of trauma and one became 
contaminated with Micrococcus albus, 12 grafts remained. In macro- 
scopic examination, the majority was found to be in necrosis, as the 
grafts lay on the membrane as a dead yellow mass. 

Microscopic Features. — All the 12 grafts resulted in necrosis lying 
as a homogeneous mass both on and inside the membrane. The 
membrane showed strong inflammatory cell reaction and often a strik- 
ingly noticeable demarcation line around the dead grafts. 

Reactions on the Membrane. — The reactions did not differ from the 
earlier ones, being similar in all these tissue groups. Most of the inflam- 
matory cells occurred in leukoplakia tissue grafts. Since the mortality 
of the grafts was highest in this group it is obvious that the reaction 
was caused by the dead grafts. 

Reactions in the Embryo. — As compared with the previous experi- 
ments the mortality of the embryos was also relatively high (Table 8, 
p. 49). No changes in the embryos or in their organs were found in 
macroscopic and microscopic examinations. In the 5 cases, in which 
the embryos were allowed to hatch, the chickens grew normally. 


Summary 


When comparing the grafts of benign tumors with the skin grafts 
the viability of the former was slightly poorer. This could be due to the 
difficulty to cut these grafts as thin as the skin grafts. The tumors 
most resembling the normal skin showed the best viability on the 
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membrane, while the other tissues (verruca and leukoplakia grafts) were 
less viable. However, the possibility that the structure of the graft 
tissue may play a certain role in the poor viability has to be taken into 
consideration. The latter two tissues contained dense epidermis in- 
hibiting the penetration of the membranous blood vessels. 


Malignant Tumors of the Human Skin 


In these experiments, the basocellular carcinoma tissue was mostly 
used and it was taken from 30 different tumors. The tissue from 15 
different spinocellular tumors was also transplanted. In addition to 
these major groups, 3 baso-spinocellular and 3 anaplastic skin carcino- 
mas and for comparison grafts from 3 mammary carcinomas adherent 
to the skin were transplanted. Finally skin carcinoma tissue and normal 
skin tissue were transplanted side by side on the same membrane. The 
majority of the tumors was taken by means of conchotome. Because 
specimens were also to be reserved for histological diagnosis, the piece 
left for transplantation was rather small, about 6 x 7 x 3 mm in size. 
To avoid drying, the specimens were transported to the laboratory in 
physiological saline. The transplantation was performed 3—4 hours 
after the operation the grafts being soaked prophylactically in penicillin- 
streptomycin solution. In this solution they were cut into pieces ca. 
3 x 3 x 0.5 mm in size, and then transplanted to the 9—11 days old 
membranes (Table 9). 


TABLE 9 
Malignant Human Skin Tumors on the CAM 


Pies Ca. Baso-| Ca. Ca. Baso- Ca. | Ca. Total 
cell. |Spinocell., spinocell. Anapl. _Mammae 
| 
Number of tumors . 30 | 15 3 | 3 3 54 
Number of eggs ..| 130 | 80 8 22 41 | 281 
9 9 3 1 22 
Infection ........ 10 3 1 | = — 14 
1 | 1 
Fairly good ...... 3 4 I — 2 10 
Questionable ...... 21 = | 2 5 28 
87 63 6 | 17 33 206 
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Basocellular Carcinoma Tissue 


Macroscopic Features. — It was even seen with the naked eye that 
the basocellular carcinoma tissue did not survive on the membrane so 
well as the normal skin. Several grafts resulted in necrosis. The necrotic 
grafts lay on the membrane as a dry yellow plate or a gray-green mass 
and around the necrotic formation a small annular vesicle 6 mm in dia- 
meter, containing yellowish fluid, was occasionally met with. The vesicle 
formation was a new type of reaction of the membranes. The evaluation 
of the living grafts was difficult as they had often sunk into the mem- 
brane causing there the usual fusiform formation. The mortality of 
embryos was higher than in normal tissue transplantations, and above 
all, the number of embryos died of infections was great as compared with 
the previous series. Of the 130 eggs used 9 died of trauma and 10 of 
infections. The most general causative organisms were Micrococcus sapro- 
phyticus var. albus (5 cases), and thereafter Micrococcus aureus (1 case), 
a diphtheroid (1 case), sarcina (1 case), and a short gram-negative rod 
(1 case). A mold occurred sometimes in the dead grafts, causing the 
death of the embryo in only one case for certain. The tumor specimens 
were infected more frequently than the normal skin, and the penicillin- 
streptomycin solution was obviously not effective enough to prevent 
the infection in all cases. 

Microscopic Features. — The microscopic examination confirmed that 
the malignant tissue did not survive on the membrane so well as the 
normal skin tissue. Until the end of the series lived 111 embryos, and on 
the membranes only 3 fairly viable grafts were met with. It was possible 
that some malignant cells still survived in 21 grafts, while in 87 cases the 
entire graft or its malignant part was totally necrosed. Necrosis was thus 
met with in all grafts and it seemed to be increasing from the first day 
on, while in normal skin grafts necrosis occurred noticeably slighter. The 
viable malignant tissue lay in the membranous mesoderm, not upon it, 
as the normal skin graft (Fig. 15a and b). In the grafts in which some 
malignant cells possibly survived they were always found inside the 
mesoderm along the margins of the necrotle area. The normai connective 
tissue of the graft survived better than the malignant tissue itself, which 
was often split into a net-like cell structure contained poorly staining 
tissue where the structure of malignant cells was hardly detectable. 
Here the living cells were mainly inflammatory cells of the membrane 
reflecting perhaps a positive taxis due to the malignant, dying or 
dead cells (Fig. 16a and b). 
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Retransplantation Experiments into New Eggs 


Second Passage. — In the hope that possible adaptation to the mem- 
brane might occur in basocellular carcinoma tissue and that human tumor 
tissue surviving in the egg might thus be obtainable, the 7 best looking 
grafts were implanted from the first series to new eggs. The grafts 
were removed from the membrane and cleaned from the membra- 
nous remnants so that they were ca. 2 x 2 x 0.5 mm in size. Un- 
fortunately, they were much harder than when grafted on the CAM for 
the first time (Table 10). 


TABLE 10 


Retransplantation Experiments with Basocellular Carcinoma Tissue 


Passage FC Ii, FL XXI, 


bo 


Macroscopic Features.— The regrafted specimens looked dead without 
exceptions. A dried brown plate lay on the membrane, which hardly 
reacted to it. All the embryos were living. 

Microscopic Features. — Corresponding to the macroscopic examina- 
tion, all the 7 grafts were dead within 10 days. A mesodermal bulge had 
occasionally grown in them. Other retransplantation efforts were not 
considered justified. 


Spinocellular Carcinoma Tissue 


Macroscopic Fcatures. — In total, 80 grafts of 15 different spinocel- 
lular carcinomas were transplanted to the CAM. The macroscopic pic- 
ture did not greatly differ from that of the basocellular tissue. Only 
in 2—3 cases, viable looking tissues were met with on the membrane. If 
the graft was not on the membrane, it had sunk into it causing a fusi- 
form formation and making the macroscopic evaluation difficult. Mor- 
tality by infection and trauma was higher than when transplanting the 
normal tissue. Of the 80 eggs used, 9 embryos died of trauma and 3 of 
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infections. The causative organism was in 2 cases Micrococcus sapro- 
phyticus var. albus and in one a mold. Moreover, mold occurred in 5 
dead grafts, though it had had no clearly unfavorable influence on the 
embryo. 

Microscopic Features. — In total, 12 embryos died of infections and 
trauma, so that 68 remained for microscopic examination. In the mem- 
brane, living malignant tissue occurred in 1 graft and in 4 grafts a few 


malignant cells survived, while 63 grafts were totally necrosed. The | 


first mentioned graft, being in a good condition, had been on the mem- 
brane for 8 days. It was partly necrosed, but in an epithelial ball the 
cell division was active. The cells were atypical so the graft had to be 
considered malignant tissue (Fig. 17a). The preserved cells of the 
4 grafts belonging to the questionably viable group were usually be- 
tween the graft and the membrane or they sank into the membrane, 
while most of the graft lay on it as a necrotic lump. The dead grafts 
usually appeared on the membrane as a homogeneous yellow mass or 
had partly sunk into the mesoderm, where the membrane formed a 
demarcation line around the dead tissue. As a rule, it seemed that the 
membrane tended to remove the dead graft as soon as possible, for 
the membranous reaction could easily be seen very often in transplan- 
tation experiments of the malignant tissue. 


Retransplantation Experiments into New Eggs 


Second Passage. — As in the basocellular tissue group, in this series 7 
grafts were retransplanted to new membranes from 3 different spino- 
cellular carcinoma grafts (Table 11). 


TABLE 11 


Retransplantation Experiments with Spinocellular Carcinoma Tissue 


Seri II Passage III Passage | Total 
— (FL XXIV,FXCII,FLXXXI, FL XXXII, 
Number of tumors | 3 1 4 
Number of eggs .. | 7 5 12 
Tee ........ | 
Infection ...... | | 
Fairly good .... | 
Questionable .... = | 
7 5 12 
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Macroscopic Features. — Macroscopically, it did not seem to be very 
promising to retransplant malignant tissue to the new egg passages. 
The majority of the grafts lay on the membrane as a necrotic mass and 
in a few cases possibly viable tissues occurred inside the membranes. 

Microscopic Features. — Microscopically, the results proved to be 
similar to those obtained in the basocellular carcinoma series. Six grafts 
were totally necrosed on the membrane, and in one graft part of the 


tissue had sunk into the mesoderm forming a hyaline mass, which was 


surrounded by the inflammatory cell accumulation of the membrane. 

Third Passage. — For purposes of control, 5 grafts were retransplanted 
from the second passage to the third, but all the grafts proved to be 
dead both in macroscopic and microscopic examinations. 


Baso-spinocellular Carcinoma Tissue 


Macroscopic Features. — In total, 8 grafts of baso-spinocellular carci- 
noma tissue taken from 3 different tumors were transplanted to the CAM. 
One of the embryos died of infection by Bacterium paracoli, and 7 grafts 
remained for the microscopic evaluation. It was confirmed macro- 
scopically that 6 grafts were necrosed on the membrane, while in one graft 
at least part of the tissue showed good viability. 

Microscopic Features. — According to macroscopic evaluation, total 
necrosis occurred in 6 grafts, while in one graft, which survived on the 
CAM for 10 days, part of malignant tissue was still viable. The cells 
were mainly of spinocellular carcinoma type. 


Anaplastic Carcinoma Tissue 


Macroscopic Features. — In total, 22 grafts were transplanted to the 
membrane from 3 different tumors. Macroscopically the grafts differed 
from the previous carcinoma types in their jelly-like appearance. They 
easily adhered to the membrane and mostly lay upon it. Most of them 
were transparently white and it seemed that they did not survive on the 
membrane very well. Three embryos died of trauma, and no infections 


occurred. 
Microscopic Features. — Nineteen chick embryos lived until the end 


of the series and 2 grafts belonged to the doubtfully viable group. In 


the remaining 17 grafts no malignant cells survived. The anaplastic 
carcinoma tissue showed a tendency to undergo lysis rapidly inside the 
mesodermal proliferation of the membrane (ca. within 3 days), and the 
connective tissue of the graft also seemed to be destroyed sooner than 
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usual. This was perhaps due to the fact that the connective tissue was 
evenly infiltrated by the carcinoma tissue and died together with it. The 
membranous blood vessels penetrated abundantly into the destroyed 
grafts. Because of the small amount of the tissue no retransplantation 
experiments were performed. 


Mammary Carcinoma Tissue 


Macroscopic Features. — Forty-one fragments were grafted from 3 
carcinoma solidum types adherent to the skin of the breast. As com- 
pared with the former, the macroscopic finding was more promising. The 
microscopic examination showed that this was, however, due to the rich 
normal looking connective tissue of the graft, which was extremely 
viable on the CAM. All the grafts had, at least in part, sunk into the 
membrane. No ulcers existed in the skin infiltrated by the tumors. 
This probably also influenced the sterility of the specimens as none of the 
eggs were infected. Only one embryo died during the experiment, accord- 
ingly, the number of traumatic deaths was insignificant. 

Microscopic Features. — Forty grafts were examined microscopically. 
In 2 of them the malignant part of the tissue was fairly viable, and in 5 
some probably viable malignant cells still survived, while in the remaining 
33 at least the malignant and sometimes even the normal tissues were 


dead. All the grafts were surrounded by the membranous mesoderm. | 


Surviving tissue was not found on the membrane. In this series, there 
was a chance that malignant tissue was not included in grafts as the 
malignant cells did not infiltrate the tissue specimen as uniformly as in 


skin tumors. This has to be kept in mind in the evaluation of the results. 


On the other hand, the original place of malignant cells was often found in 
the middle of the connective tissue of the graft, but during the stay on the 
membrane the malignant tissue had died and become homogeneous. The 
normal connective tissue of the mammary gland thus survived better 
than the malignant cells, though hyalinization occurred in it, too. The 


surviving connective tissue fibrils again interlaced with the fibrils of the 


mesoderm and 3—4 days after the inoculation capillaries of blood ves- 
sels penetrated into the graft. The fat tissue of the graft also seemed to 
survive well. The inflammatory cell reaction of the membrane was 
smaller than in the previous carcinoma experiments. 
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Retransplantation Experiments into New Eggs 
Second Passage. — In total, 9 grafts were retransplanted from the 


first series to the second passage (Table 12). 


TABLE 12 


Retransplantation Experiments with Mammary Carcinoma Tissue 


Macroscopic Features. — The grafts were grayer in color and harder 
than the original, but lay, however, well on the membrane and sank 
into it on the 3rd—4th day, which made the macroscopic evaluation 
difficult. One of the embryos died of trauma during the experiment, 


but no infections occurred. 


Microscopic Features. — In the remaining 8 grafts the connective 


__ tissue survived fairly well, though hyalinization occurred here and there. 


From the 2nd day on, the mesodermal cells and blood capillaries of the 
membrane penetrated, as usual, into the connective tissue of the graft. 
Malignant cells were not found in a single graft. Therefore further pas- 
sage efforts were not considered justified. 

Reactions on the Membrane. — Since the reactions of all malignant 
tumors were similar, they can be discussed together. Macroscopically, 
the living grafts at least had a greater tendency to sink into the mem- 
brane than the corresponding human and chicken skin grafts. The 
usual white, veil-like membranous reaction which later turned to a 
hard fusiform hypertrophy was mostly stronger than that in the skin 
transplantations. Microscopically, the cell reaction proved to be stronger 
in all tumor experiments than in those performed with human and 
chicken skins. Inflammatory cells were seen in the graft itself, especially 
in its margins and in the surrounding mesoderm. They were most 
abundant in the membranes of the dead grafts. In the membranes of 
the more viable grafts the cell reaction was smaller but occurred even 
there more frequently than in normal skin experiments. In the further 
passage, when sometimes only a dead yellow homogeneous lump was 
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met with, the membranous mesoderm was sometimes entirely normal 
indicating that the dead piece in itself was not capable of stimulating the 
membranous reaction. In addition to rich inflammatory cell accumula- 
tions, plenty of giant cells occurred around the dead grafts and they 
formed, together with dying graft remnants and a rich capillary net- 
work, a formation macroscopically resembling a smal] abscess. More- 
over, around some grafts the membrane formed a demarcation line as if 
it had attempted to free itself from the graft. It is difficult to say 
whether this reaction was provoked by the viable malignant graft and 
thus caused its destruction, or whether it was a reaction to the dead graft 
only. The latter assumption seems, however, more likely. 

Reactions in the Embryo. — The mortality of embryos was higher than 
in the previous series. Above all, the number of embryos that died of 
infections increased considerably. Too many or too resistant bacteria 
might have occurred in cancer tissue. The number of deaths caused by 
trauma, ca. 8 per cent, was mainly corresponding to the results obtained 
with normal skin tissue experiments. The malignant tissue grafts thus 
showed no increasing influence on the mortality of embryos. Neither did 
the macroscopic and microscopic examinations indicate that the malig- 
nant tissue would have caused changes in embryos, as all findings both 
in the living and dead embryos were normal. No metastases were found 
in specimens taken from the liver, spleen or lungs. The 5 chickens that 
were let to hatch in each series lived well. 


Malignant and Normal Human Skin Tissue 
on the Same CAM 


As it was of interest to compare the behavior of tumor and skin 
grafts on the same membrane and examine their possible mutual in- 
fluences, a series was conducted in which both grafts were transplanted 
simultaneously to the same membrane. The carcinoma tissue was taken 
from 3 basocellular and 3 spinocellular carcinomas and treated like 
previous cancer tissues. The skin grafts were obtained in connection 
with surgical operations and they were transported to the laboratory in 
physiological saline like the cancer specimens. The transplantation to 
the 9—11 days old eggs took place 2—3 hours after the removal of the 
tissue (Table 13). 
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TABLE 13 
Malignant and Normal Human Skin Tissue on the Same CAM 
Tissue | Ca. Basoc. | Skin | Ca. Spinoc. | Skin 
Number of specimens : | 3 3 3 
Number of eggs .. | 11 | 1] 14 14 
| 1 2 | 2 
Infection ........ | 1 | H 1 | 1 
Fairly good ...... | | 1 
Questionable ...... | _ | 7 ~ 4 
| 9 | 2 11 6 
Basocellular Carcinoma and Normal Skin 
Macroscopic Features. — The greater part of both grafts remained 


on the membrane. The skin graft seemed to be more viable than the 
cancer graft, which on the 10th day had decreased in size nearly one 
third as compared with the skin graft (Fig. 18). The cancer graft looked 
necrotic and was browner than the skin graft. Occasionally, it seemed 
that the skin graft was also less viable on the membrane with the malig- 
nant tissue as compared with our previous experience on skin grafts. 

Microscopic Features. — The normal skin tissue did not increase the 
viability of the malignant tissue on the membrane. As a rule, the 
malignant tissue turned to a poorly staining yellowish mass or totally 
underwent lysis inside the membrane. In only few cases, the living con- 
nective tissue still survived. The microscopic features verified. the mac- 
roscopic observation that the skin grafts generally survived better on 
the membrane than the malignant tissue. However, necrosed skin 
grafts were frequently seen indicating that the skin tissue showed 
poorer viability on the membrane when connected with the malig- 
nant tissue than alone (Fig. 19). No clear fusion between the grafts 
could be seen. 
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Spinocellular Carcinoma and the Normal Skin 


Macroscopic Features. — Macroscopically, the grafts in this series 
did not differ from the previous ones in any way. The carcinoma graft 
was yellowish and smaller than the skin graft, which was white and 
showed fair viability. When the grafts sank into the membrane they 
could be seen as hard gray pieces through the fusiform hypertrophy 
‘formed by the membrane. Two embryos died during the experiment, 
and in one of them a mold was found. Possibly the mold was not the 
actual cause of the death as the embryo may have died earlier. 

Microscopic Features. — Altogether 12 grafts were left for the micro- 
scopic examination. Malignant tissue proved to be dead or to lave dis- 
appeared entirely, while about half of the skin grafts were alive and 
half were necrosed. The connective tissue of the skin survived better 
on the membrane, and normal connective tissue or a ball formed by 
more or less swollen connective tissue fibrils could be seen in tke pre- 
paration. However, the connective tissues of the skin and the epidermis 
were sometimes equally degenerated. No clear fusion was met with 
between the grafts in this series, either. 

Reactions in the Egg and Embryo. — The membranous reaction did 


not differ from that in the previous series. Nor did the mortality of 


embryos increase in spite of the fact that 2 grafts were transplanted 
instead of one. 


Summary 


The malignant skin tumor grafts showed considerably poorer viability 
on the membrane than the normal skin and benign skin tumors. 
No clear, difference was found between the different malignant tissue 
groups. Perhaps the spinocellular carcinoma tissue had the best 
viability. As a rule, the normal tissue component of the malignant graft 
was more viable than the malignant part, the phenomenon best to be 
seen in mammary carcinoma tissue implantations. When the connective 
tissue was infiltrated by malignant cells, it degenerated with the dying 
malignant tissue. The malignant tissue grafts tended to sink into the 


membranous mesoderm more easily than the skin grafts. The membrane 


reacted to the dying tissue remnants with abundant inflammatory and 
giant cell formations and a demarcation line. The grafts that died in the 
incorporation phase remained on the membrane as dried plates. The 


attempts to retransplant malignant tissue to new eggs and adapt the tissue _ 


wer 
tiss 
the 
cau 
In 
side 
| sho 
tiss 
tiss 
sol 
On 
via 
bet 
| bry 
— 
| | 


63 


were not successful. No changes indicating metastases of the malignant 
tissue or other unfavorable reactions were met with in the embryos. On 
the other hand, many embryos died of infections which were probably 
caused by higher contamination frequency in the malignant tissue. 
In the experiments where the malignant and normal skin tissue lay 
side by side on the same CAM the graft containing malignant tissue 
showed again poorer viability on the membrane than the normal skin 
tissue, which was not able to promote the viability of the malignant 
tissue on the membrane. The results were, viz., almost the same as if 
solely malignant skin grafts had been transplanted on the membrane. 
On the other hand, the normal skin tissue seemed to show poorer 
viability in these series with the malignant tissue. No fusion was found 
between the grafts. The changes occurring in the membrane and em- 
bryos did not differ from the previous experiments. 
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DISCUSSION 


As mentioned in the introduction to this work, the results obtained 
from grafting heterologous tissue to the CAM of the embryonated chicken 
egg have been slightly diverging (57, 94, 41, 47, 10, 48, 49). For this 
reason, the present study was performed with the main purpose to 
examine closer the different factors affecting the viability of the homo- 
logous and heterologous skin tissue on the CAM. This was done partly 
with the hope to establish continuous growth of human tumors in the 
embryonated egg and partly with the intention to compare the viability 
of the normal and malignant heterologous tissue, respectively. 

Continuous growth of the malignant human skin tumors on the CAM 
could not be established. On the contrary, it was evident that the tumors 
grew less well than the normal tissue. Some of the differences in the 
viability between these two types of tissues will be discussed in this 
connection. 

Small tissue fragments were transplanted to the 9—11-day-old men- 
brane. As seen in the survey of the literature, the 9-day CAM has gener- 
ally been used, though the age of the eggs varied from 2—16 days. 
The present study confirms the opinion that the 9-day membrane 
is most suitable at least for tissues growing relatively slowly. In 
membranes younger than 9 days, the graft adhered more slowly to the 
CAM and relatively abundant necrosis occurred in the grafts. In mem- 
branes older than 11 days, on the other hand, bleedings disturbed the 
development. It is obvious that the peculiar development of the blood 
vessels of the membrane (11) was the cause of these phenomena. The 
foreign tissue reactions reported by some authors, e.g., Murphy (60) 
and Minoura (56) were not found to occur in the older membranes. 

Homologous embryonic skin tissue grew relatively well on the mem- 
brane and its viability seemed to be better than that of adult chick skin, 
which showed a tendency to wrinkle and perhaps for this reason was 
less successful as a graft. As compared with the controls, the growth of 
embryonic tissue grafts was found to be slower and the developed down 


feathers were shorter and more scarce. Remarkable in this series was the © 


appearance of a large vesicle formation under the CAM bulging from the 
endoderm. It is obvious that the transplanted embryonic tissue plays a 
role in the development of this formation, as in spite of moderate mem- | 
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branous reactions in most series, such a notable vesicle formation never 
appeared. Similar vesicle formations are mentioned by Murray (64) 
and Karnofsky and co-workers (45), who also used chick embryo 
tissue as transplantation material. Accordingly, it is not the homologous 
embryonic skin tissue alone that causes the reactions. There must rather 
be a vesicle promoting factor or substance in the homologous embryonic 
tissue, per se. The wall of the vesicle resembled the normal CAM and no 
tissue parts of the transplanted skin graft were found in it. The pheno- 
menon is of interest and deserves further studies. 

Embryonic human skin tissue grew relatively well on the membrane 
and the results were comparable with those obtained with the homologous 
embryonic skin. Mitoses appeared, above all, around hair follicles and in 
the epidermal layer, while the dermis swelled 2—-2 1% times its original 
size owing to the cell multiplication and edema. No foreign tissue 
reactions were found in the graft or membrane. The mitotic activity 
was more frequent in embryonic skin grafts than in the adult skin tissue, 
and was, in all probability, due to the difference in the basic structure of 
tissues. On the contrary, the retransplantation of embryonic human skin 
grafts to the second passage was less successful than the corresponding 
transplantations with the adult human skin. 

Goodpasture, Douglas and Anderson (26) as well as 
Blank, Coriell and Scott (4) had previously reported on the 
good viability of the human skin on the membrane. The former workers 


| succeeded in retransplanting the skin to the second and the latter to the 


fourth passage having the skin viable on the membrane for 27 days 
altogether. In the present study, the author succeeded in retransplanting 
the skin through three passages and the period of the viability of the skin 
was 30 days, as each passage took 10 days. After each passage, the 
necrosis increased in the skin grafts, and the skin tissue tended to die on 
the membrane. Thus the adaption of the skin tissue to the membrane 
for continuous retransplantation did not succeed. 

In general, the series performed with human tissues on the CAM do 
not agree with the expectations. According to an assumption (57, 2), 
the failure could be due to the elapse of time between the biopsy and 
transplantation. This hypothesis is not supported by the observation 
that it was successful to cultivate the adult human skin at least after 15 
days’ preservation time at 5°C. Maybe it was a mere coincidence, but 
it was interesting to see how the refrigerated skin grafts taken from a 
lower limb amputated because of thrombangitis obliterans showed the best 
viability. Perhaps the cells here were accustomed to poorer living cir- 


| cumstances and the grafts therefore showed better viability on the CAM. 
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There is also another possible explanation. In this type of skin the 
capillary bed is increased and enlarged and offers better possibilities tory 
nutrition. The ordinary histologic examination of the original tissue did 
not, however, clearly support the last-mentioned assumption. 

Benign human tumors have rather seldom been cultivated on the 
membrane. Goodpasture, Douglas and Anderson (26) 
found that naevus and keloid tissues showed better viability than the 
normal skin, which they thought to be due to the structure of tissue 
promoting incorporation. Hurst, Cooke and McLennan (41) 
transplanted, e. g., tissue from fibroadenoma of breast to the membranes 
of 16 duck eggs, and in 3 of them a take was found 12 days later. In 
the present study naevus and keloid tissues did not grow so well as skin 
tissues, which might be due to the fact that these tissue grafts could not 
be cut so thin as skin grafts. The tumors resembling the normal skin 
tissue in structure, such as naevus, keloid and fibroma tissues, showed, 
in my experiments, better viability on the membrane than those with 
more active cell functions (verruca plantae pedis and leukoplakia tissues). 
Perhaps the relative failure to cultivate the latter tissues on the membrane 
was due to the fact that their structure was unsuitable for the invasion 
of blood vessels into the grafts. In these original tissues, the number 
of inflammatory cells was also greater as compared with the others. 

The cultivation results with malignant human tumors on the CAM 
have usually been poor and the general opinion has been negative 
(94, 41, 47). During the present study, two research groups have, however, 
published better results. In 1952, Kaufman and co-workers (48) 
reported on the successful cultivation of 26 tumors on the membrane. 
They even succeeded in retransplanting 5 of them to the second and 
two to the third passage. In 1956, in a more detailed paper (49), they 
reported the various types of tumors used, viz., 7 sarcomas, 2 astrocyto- 
mas, one glioblastoma, 4 breast carcinomas, one thyroid carcinoma, one 
neurilemoma, 2 melanocarcinomas, and one renal cell carcinoma. Three 
sarcomas, one astrocytoma and the neurilemoma survived the second 
and one sarcoma and one astrocytoma survived the third passage. 

Dagg, Karnofsky, Toolanand Roddy (10) reported on 
successful results with cultivation of 3 tumor types on the CAM in 1954. 
The tumors were induced by injecting suspended tumor mince into rats 
treated with cortisone (100). The tumor tissues had been maintained in 
the rats for several months. The tumors grew well on the membrane and 


could be transplanted through several passages. The earlier results 
obtained from *’pure” human tumors by Karnofsky and co- 
workers (47) were, on the other hand, considerably less successful. 
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The transplantation results obtained from the present study with the 
malignant tissue agreed, in general, with those reported by previous 
workers, 7. e., by Hurst and co-workers (41), Karnofsky and his 
research group (47) and Sommers and his associates (91). On the 
other hand, the results published more recently and discussed above 
were better than ours. The very reason for this may be found in the 
types of tumors. In the present study, malignant human skin tumors 
were used, while Kaufman and co-workers (48, 49) obtained the 
best results with sarcoma and glioblastoma tissues and Dag g, 
Karnofsky, Toolan and Roddy (10) employed human tu- 
mor tissue first grown in rats treated with cortisone. The malignant 
epidermal tumors have previously been cultivated by Hurst and 
co-workers (41) and Sommers and his associates (91). The former 
reported the take on one of 5 survivors using "secondary from carci- 
noma of lip” and the latter reported the successful transplant yield to 
be about one-seventh (ca. 14 per cent) with epidermoid carcinomas 
from different organs. 

In the present study, the successful transplant yield obtained from 
54 skin carcinomas grafted to a total of 281 eggs was about 14 per cent. 
No clear correlation was found between the growth of the graft and the 
cell differentiation grade of the malignant tissue. This was also true con- 
cerning the growth of the graft and the activity of the stroma reaction in 
the original tissue as well as the number and quality of the inflammatory 
cells. If the graft was severely infected, which very seldom occurred as 
attempts were made to select the tissue for biopsy specimens from less nec- 
rotic lesions, the embryos died of infection in spite of the antibiotics used. 

The malignant skin tissue clearly grew on the membrane more poorly 
than the corresponding normal skin tissue. The following hypotheses 
might perhaps throw light on this fact. 

1) Owing to their increased activity, the malignant cells died sooner 
than the normal because of poor nutrition on the CAM. It has to be kept 
in mind, however, that embryonic skin tissue, where mitosis was more 
frequent than in the normal tissue, showed fairly good viability on the 
membrane. In addition, homologous tumors, such as Rous-sarcoma, grew 
on the membrane almost better than the normal skin tissue. 

2) A substance indispensable to the living functions of malignant 
cells might be missing in embryonated chicken eggs, or the cells might be 
incapable of preparing it from the nutriments of the egg. It may also 
be possible that 

3) chicken eggs might exert some kind of inhibitory reaction to the 
malignant tissue, for the cell reaction in the membrane had clearly in- 
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creased in transplanting these tissues. This reaction, however, may have 
been due to other reasons, which will later be discussed in more detail. 
The previous observation might also be recalled, viz., that the chicken 
embryo with its membranes has no defense mechanism against foreign 
tissues (78, 30, 71, 80, 81, 82). 

4) The malignant tissue grafts were relatively small in size. To 
prevent drying, they were transported to the laboratory in saline solu- 
tion. It can be assumed that saline had rinsed from the tissue some 
essential factor needed, e. g., in the period before the membranous nutri- 
tion had developed in full. The control experiments in which the malig- 
nant tissue was transplanted ’’fresh”’ to the membrane did not, however, 
support this assumption. It should be kept in mind that at least the 
refrigerated normal skin prevailed long in good condition for grafting. 
Accordingly, it is unlikely that a short stay (2—3 hours) in saline 
would have any harmful influence upon tissues. 

In the last series normal and malignant skin tissues were grafted 
simultaneously on the same membrane. Previously, Horning and 
Byrne (39) cultivated in vitro a mouse sarcoma in various media and 
found that ’’cell proliferation is more active when the neoplastic tissue 
is cultivated in a medium of testicular extract from sarcomatous bearing 
mice than in a medium composed of testicular extract from healthy 
normal mice’. Equally, the embryonic juice does not so readily induce 
cell multiplication as the tumor extract. 

In the present study, the malignant skin tissue showed poorer via- 
bility than the skin grafts. Nor did the normal tissue stimulate the growth 
of the malignant grafts, because the cultivation results of the malignant 
tissue were equal to those obtained from the grafting of malignant 
tissue alone. 

The normal skin tissue showed poorer viability in these experiments 
when together with the malignant tissue. The slices of the normal skin 
were obtained in connection with operations, as it was impossible other- 
wise to reserve normal skin tissue for the days when malignant tissue 
was available. It can thus be suspected that in some respects the grafts 
taken from the slices of skin would have been less viable than the previous 
normal ones, though no macroscopic or microscopic differences were 
found. Secondly, the poor viability might have been caused by the fact 
that the dying malignant tissue had a harmful influence on the normal 
skin graft. To some extent, this assumption is supported by Fig. 19, 
in which the degeneration of the skin graft is most marked in the edge 
where the malignant skin graft was placed, but no final conclusions can be 

drawn on the basis of this single preparation. 
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It was mentioned previously that the evaluation of membranous 
reactions and the conclusions have to be made with certain caution 
since the CAM reacts to different stimuli extremely easily. Some types 
of reaction are, however, worth mentioning. The ectoderm disappeared 
in 1—2 days from underneath the graft, and the remnants obviously 
caused the development of epithelial pearls. In the margins and folds 
of the grafts, the ectoderm of the CAM became hypertrophized. The 
endoderm also hypertrophized opposite the graft. The changes occurred 
in all series so that there seemed to be no difference in membranous pro- 
liferations caused by the various tissues. An exceptionally large folli- 
cular formation originating from the endoderm was met with, when 
transplanting the homologous embryonic skin tissue on the CAM. This 
phenomenon has been discussed in more detail previously. : 

The mesoderm usually enlarged two-to three-fold and tended to get 
a more fibrous structure. The enlargement was more marked in young 
membranes, in which the grafts sank more easily into the membrane 
than in the older ones. The sinking was also influenced by other factors, 
e.g., the relation of the weight and area of the graft and the tendency of 
the graft to wrinkle. 

Nicholasand Rudnick (65) paid attention to this phenomenon 
and considered that mammalian tissues had a tendency to penetrate 
into the membrane. Goodpasture, DouglasandAnderson 
(26) reported that the epidermal] fibrils of the skin graft intermingled 
with the ectoderm of the membrane so that the skin graft remained well 
on the membrane. The present study supports the latter observation, 
as the skin grafts remained better on the membrane than the other 
tissues. It is difficult to say in which way the sinking influenced the 
viability of the graft, but one might assume that it would be more 
advantageous for the skin tissue to remain on the membrane, while, | 
e.g., the mammary tissue would live better inside the mesoderm. No 
convincing evidence can, however, be given on behalf of this assumption. 

In addition to the enlargement, the accumulation of inflammatory 
cells occurred in the mesoderm, especially round the dead grafts. These 
were most abundant in the series, in which the malignant skin tissue 
and adult hen skin were grafted on the membrane. Since the former 
grafts grew poorly almost without exception, it is probable that the 
occurrence of inflammatory cells was rather caused by stimuli from the 
dying tissue than by the presence of the malignant tissue. Since the 
adult hen skin showed better viability, the reaction in this case might 
have been caused by some other factor. 

Previous investigators found only one change caused by malig- 
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nant tissue in the chick embryo, viz., general edema caused by lympho- 
granulomatosis maligna (47). In the present study, all embryos and their 
organs (liver, spleen and lungs) were studied both microscopically and 
macroscopically, but no signs of changes were found. The traumatic 
mortality of the embryos was equally small in both normal and malig- 
nant transplantations, and was further relatively small as compared with 
the number of eggs used (in total, 10 per cent). The mortality of 
chicken embryos due to infections was, on the other hand, greater when 
transplanting malignant tissues, probably because these specimens 
per se were infected more often than the normal tissue. There is no 
evidence that the malignant tissues would have been able to injure the 
embryos and thus weaken their resistance. 

It seems to be very difficult to cultivate human skin carcinomas 
continuously on the CAM by using the general graft transplantation 
method or to produce any specific lesions in the embryonated egg by tumor 
grafting. This need not, however, mean that human cancer could not be 
cultivated on the membrane by some other methods. The work by 
Dagg, Karnofsky, Toolan and Roddy (10) supports this 
assumption. That the life of malignant tissue can be observed on the 
membrane relatively easily, facilitates the positive solution. The obser- 
vation that the malignant tissue did not live so well as the normal seems 
to be of interest. The investigation of this problem will probably eluci- 
date some aspects in cancer studies. 
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SUMMARY 


The purpose of the present study was to compare the growth of 
different tissues, viz., different forms of the skin tissue, on the membrane 
and thus throw further light on the possibilities that the chorio-allantoic 
membrane (CAM) offers to tissue culture studies. 

On the CAM of 1060 embryonated chicken eggs, skin tissue grafts in 
size 4 x 5 x 0.5—1 mm were transplanted. The grafts originated from 
6 chicken embryos, 6 chickens, 1 adult hen, and skin was obtained from 
4 human embryos and 12 adult human beings. In addition, tissues 
from the following tumors were transplanted on the membrane: 1 keloid, 
3 fibromas, 7 naevi, 4 verrucae of the sole, 5 leukoplakias, 33 basocellular 
carcinomas, 18 spinocellular carcinomas, 3 baso-spinocellular carcinomas, 
3 anaplastic carcinomas of the skin and 3 mammary carcinomas. 

1) Homologous skin tissue grew considerably well on the CAM, and 
75 per cent of the grafts survived. No great differences were found in the 
viability between the skin tissue of chick embryo, chicken and adult 
hen, though it seemed likely that the last-mentioned showed the poorest 
viability. 

2) In transplantation series on human skin, the difference between 
embryonic and adult skin grafts was very slight, as the former were 
successful in 75.7 and the latter in 74,2 per cent. The results were com- 
parable with those obtained from the homologous skin tissue. The adult 
human skin survived transplantable at least 15 days’ preservation period 
at 5°C. In passage experiments, I succeeded in retransplanting the 
embryonic tissue through the second passage, 7. ¢., in maintaining it on 
the membrane for 20 days in total. The adult human skin was retrans- 
planted through 3 egg passages, 7. ¢., maintained on the membrane for 
30 days in total. In each tissue necrosis increased, however, after every 
passage so that the tissues obviously died gradually and could not be 
cultivated on the membrane continuously. 

3) Of the benign tumors, keloid, naevi and fibroma tissues showed 
the best viability, almost like the normal skin tissue. Verrucae and 
leukoplakiae showed poorer viability. 

4) Malignant human skin tissue showed much poorer viability on the 
membrane than homologous skin tissue and normal human skin tissue. 
In the experiments in which tumor and skin grafts were placed side by 
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side on the same membrane the same phenomenon occurred. The tumor 
tissue could not be passaged to new eggs. 

5) The homologous embryonic skin tissue caused a large follicular 
formation on the membrane, and relatively abundant inflammatory cell 
accumulations occurred round the dead grafts. Malignant tissues pro- 
duced no changes in the embryos. No signs of metastases were seen. 
With regard to the eggs, the traumatic mortality was 10 and the infec- 
tion mortality 2.4 per cent, in total. 

6) Factors probably causing the poor viability of the malignant 
tissue on the membrane might be the following: 

a) The malignant cells, because of their more active cell function, 
died under worse nutritional conditions sooner than the normal cells. 

b) A specific nutriment necessary to the life of the malignant cells 
might be missing in the egg. 

c) The hen egg developed a defense mechanism signin the malignant 
tissue. 

d) The malignant tissue grafts, owing to their small size, were more 
sensitive to technical interferences in spite of the attempts to perform 
the experiments in conformity with each other. 

The conclusions drawn from these phenomena are discussed. 
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FIGURES 


Fig. 1. — Skin tissue of the 10-day-old chick embryo transplanted to the 
9-day-old CAM. The period of time on the membrane is 24 hours. The dermal 
papillae of the graft begin to develop. The dermal layer is edematic. The ectoderm 
of the membrane shows signs of degeneration. x 75. ~ 


Fig. 2a. — Skin tissue of the 10-day-old chick embryo transplanted to the 
9-day-old CAM. The period of time on the membrane is 5 days. The down feathers 
have developed considerably. x 75. 


Fig. 2b. — The control preparation. Skin tissue of the 15-day-old chick 
embryo. x 75. 


Fig. 3. — Skin of the 10-day-old chick embryo transplanted to the 9-day-old | 


CAM. The period of time on the membrane is 9 days. The epidermis has developed 
and tends to fold. Abundant keratin occurs in the folds and desquamation on the 
epidermis. Down papillae are spread inside the membrane. The dermal layer has 
turned fibrinous and now resembles that of the adult hen more than before. Well 
developed fat tissue can be seen in the margin of the graft and the membrane, in 
the middle of the figure. x 100. 


Fig. 4. — Skin tissue of the adult hen transplanted to the 9-day-old CAM. 
The period of time on the membrane is 9 days. The graft has sunk inside the 
membrane. Both the epidermal and the dermal layer are well preserved, but the 
graft and the surrounding mesoderm are infiltrated by inflammatory cells. » 75. 


Fig. 5a. — Skin tissue of the 2-month-old human embryo transplanted to 
the 9-day-old CAM. The period of time on the membrane is 9 days. The dermal 
layer has swollen 2—3 times from its original size and has developed a convex 
formation on the membrane, half of which can be seen in the figure. In the margin 
of the membrane and the graft there appear relatively many cysts resembling 
epithelial pearls, which have obviously developed from the remnants of the 
membranous ectoderm. x 75. 


Fig. 5b. — The control preparation. Skin tissue of the 2-month-old human 
embryo. x 180. 


Fig. 6a. — Skin tissue of the 3-month-old human embryo transplanted to the 
11-day-old CAM. No demarcation line between the dermal layer and the mesoderm 
of the membrane can be seen. An extremely thin layer, stratum corneum, developed 
from dead cells is noted on the peridermis. x 100. 


Fig. 6b. — The control preparation taken from the skin tissue of the 3-month- 
old human embryo. x 75. 
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Fig. 7. — Skin tissue of the 4-month-old human embryo transplanted to the 
1l-day-old CAM. The period of time on the membrane is 7 days. The dermal 
layer is so swollen that the graft has developed a convex formation on the mem. 
brane. The blood vessels of the graft are filled with the blood cells of the chick 
embryo. The stratum corneum layer is on the peridermis. The mesoderm of the 
membrane has become more uniform than normal. x 40. 


Fig. 8a. — Skin tissue of the 5-month-old human embryo transplanted to the 
11-day-old CAM. The period of time on the membrane is 3 days. Both the epi. 
dermal and the dermal layers are much more developed than in earlier tissues, 
No demarcation line between the graft and the membrane can be seen. The 
blood vessels of the membrane begin to penetrate into the graft. x 70. 


Fig. 8b. — The control preparation, Skin tissue of the 5-month-old human 
embryo. x 70. 


Fig. 9. — Skin tissue of the 5-month-old human embryo transplanted to the 
9-day-old CAM, the second passage. The total period of time on the membrane is 
20 days. The graft is infiltrated by rather an abundant inflammatory cell accumula- 
tion. Giant cells can be seen here and there. Both the epidermal and the dermal 
layers can still be distinguished, though the majority of the cells is dead. x 170. 


Fig. 10. — Adult human skin tissue transplanted to the 9-day-old CAM, The 
period of time on the membrane is 5 days. No inflammatory cell formation or 
demarcation line between the graft and the membrane can be seen. The blood 
vessels of the membrane have interlaced with the connective tissue fibers of the 
corium, x 125. 


Fig. 11. — Adult human skin tissue transplanted to the 1l-day-old CAM, 
the second passage. The total period of time on the membrane is 16 days. The 
graft with folded margins has sunk into the membrane. The stratum corneum 
layer is thick and, correspondingly, the living cellular part of the epidermis has 
become thinner. Signs of degeneration can also be seen in the connective tissue 
fibers of the corium. ~« 70. 


Fig. 12a. — Adult human skin transplanted to the 10-day-old CAM. The 
period of time on the membrane is 8 days. The skin grafts were taken from the 
lower limb amputated because of the gangrene caused by thrombangitis obliterans. 
Before the transplantation to the CAM the skin tissue was preserved at 5° C for 
15 days. Both the epidermis and the corium tissue show very good viability. No 
inflammatory cell accumulation can be observed. x 70. 


Fig. 12b. — Larger magnification. In the lower part of the picture a mitosis 
can be seen. < 950. 
Fig. 13a. — Human naevus tissue transplanted to the 9-day-old CAM. The 


period of time on the membrane is 3 days. The epidermis and corium tissue 
show good viability on the membrane. Signs of degeneration in naevus cells can 
be seen. The naevus cells, being partly necrosed, do not stain easily. Free 
pigment occurs in the tissues. x 75. 
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Fig. 156. Larger magnification, 140. 
Fig. 11. Human verruca plantae pedis tissue transplanted to the L0-day-old 


CAM. The membranous mesoderm has enlarged, and tho verruca tissue graft, in 
which the connective tissue and part of the epidermis live fairly well, has partly 
sunk into it. Keratinized epithelium can be seen, No clear signs of viral 


infections are found in’ the membrane. GO, 


Fig. 15a. Hunan basocellular carcinoma tissue transplanted to the 9-day- 
old CAM. The period of time on the menibrane is 10 days. The geaft has sunk into 
the membrane. In the middle of the picture is a long bulk in which there are 


basoeellular careinomea cells showing good viability. In the lower left hand 


corner of this bulk a mitosis can be seen, 120. 
Fig. 15. The control preparation. Original basocellular tissue. « 300. 
Fig. 16a. Human basocellular carcinoma tissue transplanted to the L0-day- 


old CAM, The period of time on the membrane is 7 days. The graft is almost 
entirely dead and turned to a homogeneous mass on the membrane. A viable 
sebaceous gland conglomeration has sunk into the mesoderm. A mesodermal 
formation in the lower right hand corner is an accimulation developed from giant 


cells, possibly still living basocetlular carcinoma cells, and inflammatory cells of 


the membrane. OO. 

Fig. 166, A larger magnification of the accumulation formed by giant 
cells, possibly still living basocellilar carcinoma cells and inflammatory cells of 
the membrane. 200, 

Fig. lia. Human spinocelhiar carcinoma tissue transplanted to the 9-day- 
old CAM. The period of time on the membrane is 8 days. A relatively large ball 
formed by atypical keratin cells is found inside the membrane. 500, 

Fig. Lib. The eontrol preparation. Original spinocellular tissue. 300. 

pre] 

Fig. 18. Human spinocellular carcinoma tissue and parallel normal skin 


tissue transplanted to the Pb-day-old CAM. Phe period of time on the membrane 


is 7 days. The grafts are seen from the chorio-allantoic cavity. The carcinoma 


tissue graft on the left has shrank one-third as compared with the skin graft. <8. 
Bigs, Human spinocellular carcinoma tissue and parallel normal skin 
tissue transplanted te the Ll-day-old CAM. The short arrow indicates the margins 
of the malignant and the normal skin tissue. The long arrows indicate the most 
damaged normal skin tissue situating close to the malignant tissue. 65. 
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